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GRAMS: ‘HALEFO’ TIPTON. 
‘MODERN MALLEABLE’ (2nd Edition). you have not had a 


Impression by courtesy of Messrs. Guest, Reet & Nettletolds ( Midlands ) Ltd 


HEAT TREATMENT ot 


Iurnaces and Equipment designed and built by 


SHADY LANE - GREAT BARR + BIRMINGHAM 222A 
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. not had a copy, kindly send usaP.C. We shall be pleased to forward one, post free. 
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now appearing in wide variety 


Improved production facilities 

now make it possible for Honeywell to offer a wider 
variety of first class pyrometric equipment. 
Thermocouple assemblies now available for your 
every need and purpose show these star features: 


*‘Topmost’ Accuracy .. . achieved by careful 
testing and matching of thermocouple wire. 
Premium grade wires for exceptional accuracy. 


*Topmost’ Response Speed Unique butt-welded 
hot junction minimises heat capacity and produces 
rapid response from smallest temperature change. 


Sules engineering, initial and periodic service, 

arranged from any of 10 Branch Offices in the U_K. 

Sales Offices in the principal cities 
throughout the world. 


*Topmost’ Variety ... metal tube, ceramic 
tube ...exposed tip, angle, injection mouiding, 
glass feeder, magnesium oxide filled... 
thermocouples of every specification to measure 
temperature in ranges from—300 F to 2700 F. 
Allare supplied with suitable mounting 
attachments for individual needs. 


WRITE OR SEND THE COUPON TODAY 
for new “ Buyers’ Guide” to Honeywell thermocouples 
to Honeywell Controls Ltd, Ruislip Road East, 
Greenford, Middlesex. Waxlow 2333 


*Topmost’ Tolerances 
for compensating leadwires, 
ensuring accurate measurement 
at low cost. Leadwires are 
available witha wide range 
of insulating materials, 
including asbestos over enamel, 
polythene or plastic over PVC... 
flexible rubber ...lead sheaths. 


FREE Please send me .. . copy (ies) 
of the “ Buyers’ Guide" to Honeywell 
thermocouples 


NAME 


...and to complete the range: APPOINTMENT 


Radiamatic Radiation Pyrometers ADDRESS 
(for temperatures between 
125 F and 7000 F) and 
Resistance Bulb Assemblies 
(for temperatures between 
—200 C and 500 C). 


Honeywell 
Fiat 
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ALLOY STEELMAKERS FORGEMASTERS STEEL FOUNDERS HEAVY ENGINEERS 
THOS. FIRTH & JOHN BROWN LInITEe SHEFFIELO ENGLAND 
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Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. 


Quality Production 


Behind the up-to-date methods of 
manufacture by which Gibbons Refractories 
are made, lie a nundred years of 
experience and research at the Gibbons 
works, in the development of furnace 


linings of the highest heat-resisting qualities. 


SUPERIOR REFRACTORIES 


H.T.1 - ALUMINOUS - SILICA - FIREBRICK 
SILLIMANITE 


VETALLUERGIAL Apr, 1959 
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By courtesy of Thomas Firth and Brown Ltd. 


Lungs for an Inferno 


Truly through its electrodes an arc furnace draws its breath 
of electric power. On the high quality and dependability of 
these lungs rest so much the burden of ensuring the smooth 
efficiency and economy of the arc furnace as a steel-melting 
unit. The excellent proporties of “Acheson” graphite 
electrodes are a sure guarantee of first-rate performance 


The term ACHESON is a registered trade mark 


BRITISH ACHESON ELECTRODES LIMITED - WINCOBANK ~- SHEFFIELD PHONE: ROTHERHAM 4836 


VETALLURGIA, April, 1939 
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METALECTRIC _ an essential part of the 
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METALECTRIC FURNACES LTD... 
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PURE FUSED SILICA 


F 


VITREOSII 
DIPPING TUBES 


& Casting temperatures are critical ! 


Vitreosil, pure fused silica, sheaths 
used in the Quick Immersion 
Thermocouple Technique have 
obviated erratic judgement of 
casting temperatures ‘in’ modern 
steelworks and foundries all over 
the world. A single dip into 
the molten metal gives the true 
temperature in seconds, 

No more reject’ castings through 
too hot, or too cold, tapping, it you 
turn to Vitreosil — tor accurate, 


up-to-date control, 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6 WALLSEND, NORTHUMBERLAND. — Te/: Wallsend 63242 
weer LONDON: 12-14 OLD PYE ST., WESTMINSTER, S.W.1. Tel: Abbey 5469 


Sole Distributors for the United Kingdom : 
THE AMALGAMS CO. LTD., TINSLEY PARK ROAD, SHEFFIELD 9 


VETALLUROTA, 1934 
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2mm + 2mm 


light aHoy spot weld, 
magnified 7 times 


It’s new... it’s faster... it’s 


This new addition to the range of Ilford Industrial X-Ray films will give 
greatly improved radiographs of steel welds and light-metal castings. 


For examinations at up to 200 kVp it is twice as fast as Industrial C 
and with gamma-ray techniques it is as much as three times as fast. | 
Because of its higher contrast and finer grain, it gives better definition 
than is possible with Industrial B. The inherent high contrast of 
Ilford CX makes this new film extremely useful for radiography 
with l- and 2-million volt apparatus as well as with gamma rays. 
Ilford CX Industrial X-Ray film may be used with or without 

pi lead screens. The recommended developer is Ilford PQX-1. 


April léth to 3th, Stand No. 
5 BB, Empire Halli. 


ILFORD LIMITED * ILFORD ESSEX 


VETALLURGIA, April, 1939 
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REFRACTORY CONCRETE 


Refractory Castables are poured and cast like structural Concrete, and being 
readily available are tinding many applications, particularly for preparation of 


special shapes at site. 


THERMAL MAXIMUM 


REFRACTORINESS -HARDENING TEMPERATURE ibs. /Cu. Ft. 


SETTING TEMPERATURE OF USE 


Stein Refractory 
Concrete 


Stein Super 
Refractory Concrete 
No. 16 


No. 17 
No. 18 


Stein Chrome 
Concrete 


Dry 1420°C Hydraulic 1200°C 1350°C 120 
Dry +-1750°C Hydraulic 1200°C | 1600°C 160 
Dry + 1750°C Hydraulic 200 | 1700°C 160 
Dry 1750°C Hydraulic i200°C | 1800°C 160 
Dry + 1750°C Hydraulic 1200°C 1500°C 180 


Use our advisory service based on 70 years experience in the refractory field—it can improve 
your furnace efficiency. Lor further information write, phone or call: 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


VETALLURGIA, Apra, 1909 


TEL: BANKNOCK 255 (4 LINES) 
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BUTANE 
CALOR 
etc. 


MECHANICAL HANDLING EQUIPMENT 
AND MILD STEEL FABRICATIONS OF EVERY DESCRIPTION. 


LUCAS FURNACES LIMITED 


MOUNT WORKS, WHARTON ST. NECHELLS 
BIRMINGHAM. 7 


VETALLURGIA, April, 1959 
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GAS BLAST COMBINED FORGE AND 
BRAZING HEARTH 


Complete with Motor Driven Positive Air Blower, two Gas 
Blast Blow Pipes and one Gas Blast Burner. Suitable for Tube 
bending up to | in. diameter. 


Size of Hearth, 20 in. 20 in. « 4 in. 


Gas Consumption, 200 cu. ft. per hour maximum. 


Manufactured by 


NATURAL DRAUGHT GAS FIRED SALT 
BATH SUITABLE FOR CYANIDE OR 
NEUTRAL SALTS 


Suitable for temperatures up to 900 C. 


Obtainable in the following sizes : 
8 in. dia. x 8 in. deep, gas consumption 300 cu. ft. ‘hr. 
8 in. dia. x 10 in. deep, gas consumption 350 cu. ft. ‘hr 
10 in. dia. x 12 in. deep, gas consumption 400 cu. ft. /hr 


Time to heat up—1!4 hours. 


7, HOLYROOD STREET 


METALLURGIA, April, 1959 
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A-E-J HEAVY PLANT DIVISION 


RUGBY & MANCHESTER, ENGLAND 
A DIVISION OF ASSOCIATED ELECTRICAL INDUSTRIES LTD., incorporating the interests of BTH & M-V 
A S356 


VETALLURGIA, April, 1959 
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No. 2 Thermocouple Alloys 


We have been making thermocouple alloys at Cheadle for many years. Our 
experience tells us what people look for and our alloys provide it—stability, 
constant EMF values and long life. 

Different temperature ranges call for different alloy combinations—and 
we provide them, including “T1 T2’, the only British-made base metal 
thermocouple for temperatures up to 1100°C. In cases where thermocouple 
wires are covered by a British Standard we produce them to 
conform to the Standard. 

Accurate temperature measurement and control is something that 
cannot be left to chance. It is best left to Driver-Harris thermocouple alloys. 


T1/Tz2 are wires of the nickel-chromium Special Advance* wires can be selected in 
nickel-aluminium type for use at high most cases to meet these varying demands 
temperatures and conform to the British within the usual tolerances. 


Standard Specification 1827: 1952 within 


‘ 
the usual tolerances. They also meet the Matched Advance* Iron Wires The 


requirements laid down in Air Ministry non-availability of a Standard Iron and the 
Specifications 1632 and 1705 covering variation of EMF properties experienced 


eatinsion tents with different iron supplies result in some 


difficulty in reproducing thermocouple EMF 


Special Advance* wire (60 40 copper- properties. To overcome this difficulty we are 
nickel) is for use with copper up to 400°C now able to provide a Special Iron wire 

and with iron up to goo°C. The EMF matched with Special Advance* to meet 
requirements of these two combinations certain standard EMF requirements within 
vary according to individual specifications. the normal tolerances. 

If vou are interested in thermocouple alloys, then you may like *REGD. TRADE MARK 


to have a copy of Data Sheet No. 2, for reference. 


BRITISH DRIVER-HARRIS CO LTD 


VETALLURGTA, 
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ICHROME Cheadle Heath, Stockport, Cheshire 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 
cover a wide selection of specialised scientific apparatus. 


ELECTRON MICROSCOPE TYPE EM6. A high resolution instrument 
embracing all the latest advances in electron optics. Magnification continuously 


variable up to x100,000. Resolution better than 15 Angstrom Units. J 


Let us look into your problem. 
Experts of our Advisory Service can 
almost certainly help you with prob- 
lems of scientific investigation in any 
of the fields mentioned below, 


ELECTRON MICROSCOPY 
MASS SPECTROMETRY 
CRYSTALLOGRAPHY 
RADIOGRAPHY 
MICRO-ANALYSIS 
MATERIALS IRRADIATION 
HIGH VACUUM ENGINEERING 


Information on crystal structure, particle size and shape. Illustration shows 
diffraction pattern of zinc oxide smoke superimposed on its electron micrograph. 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTO TRAFFORD PARK MANCHESTER, 17 


An A.E.1. Company 


N «802 


VETALLURGIA, April, 1959 
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MINIATURE CAMERAS 

The Brindley-type camera, miniature General-Purpose 
camera, and Seeman-Bohlin camera, are specially designed 
for use with fine-focus generators such as the Hilger 
Microfocus. Compared with standard cameras, they 

are small, and give short exposure times and high 
resolution of pattern. 


THE MICROFOCUS GENERATOR 
The Microfocus Generator gives an intense line 
or spot focus for X-ray diffraction work or 
microradiography. Because of the high 
intensity of its focus, the Microfocus shortens 
exposures by as much as seven times. 


-ray 


THE ENRAF-NONIUS RIMSKY RETIGRAPH 


The Rimsky Retigraph uses a flat film to record 


the reciprocal lattices of any diffracting substance. sexe 
The radius of the sphere of reflection remains “58 
constant, and adjustments are made automatically, hig 
once the plane of the reciprocal lattice, and the $2: 
. , 
angle of the X-ray beam normal to this plane, oh 
have been chosen. Ra 
The Retigraph is made by Enraf-Nonius of Delft. ace 

ae 

- 
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THE DIFFRACTOMETER 


The Diffractometer records diffraction patterns direct 
on a pen recorder. It scans in the horizontal plane, up 
to an angle of 160 of 20, with a choice of six scanning 


a speeds ; it can also scan in small discrete steps. 


HILGER & WATTS LIMITED vs ST PANCRAS WAY LONDON NW Telepho 


VETALLURGIA, Apel, 1959 
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No matter how big 
— wherever it is 


can handle it! 


« 
HAWICK 


@ MANCHESTER 


CHESTERFIELD 


BIRMINCHAM 


This 30 ton, 800/1600 volt Ward Leonard rolling 
ee mill armature required two 75 H.P. motors at our 
os works to rotate to obtain the necessary commutator 
surface speed for diamond turning. 


British Electrical } Repairs. Ltd 


Empire Hous Manchester i! 


VETALLURGIA, April, 1999 
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REICHERT 


UNIVERSAL 


CAMERA MICROSCOPE 


--- there is nothing better than a REICHERT 


More than half a century of experience in the manufac- 
ture of metallurgical microscopes is the background to 
this latest version of the REICHERT Universal Camera 
Microscope. Representing the ultimate in mechanical and 
optical perfection, in versatility and operating conveni- 
ence, this instrument has many old and new friends in the 
leading metallurgical laboratories of this country. It is a 
truly universal microscope, all metallographic techniques 
being at the operator's fingertips : 
the objective, just by moving some levers, a specimen can 


without changing 


SHANDON SCIENTIFIC COMPANY LTD., 


6, CROMWELL PLACE, LONDON, S.W.7. 
Tel. KNI 1131 


METALLURGIA, April, 1959 


be examined in rapid succession in ordinary or polarised 
light, with bright ground or dark ground illumination, 
in positive or negative phase contrast. Macro equipment 
and the semi-automatic Micro Hardness Tester are 
compact self-contained units which are simply exchanged 
against the objective—the specimen need not even be 
touched in the process. Amongst the host of other 
accessories there is the Interference Tester for surface 
finish and the Grain Size Comparator. May we send you 
further particulars of this remarkable instrument ? 


SHANDON EQUIPMENT FOR THE 
METALLOGRAPHER 
Abrasive Cut-off Machines Mounting Presses 
Belt Surfacers Hand Grinding Equipment 
Grinding and Polishing Machines 
Automet Attachment 
Hyprez Diamond Compound 
Grinding and Polishing Materials 


REICHERT Microscopes 


Polishing Benches 
Electropolishers 
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JACKMAN FOR SPECIAL PURPOSE SHOT BLAST 
EQUIPMENT 


AIRLESS PLANT WITH 
A SINGLE IMPELLOR 

Cleaning two tubes simul- 
taneously. The tubes are 
rotated and traversed by 
rollers. The plant is suitable 
for tubes from 2 ins. dia. to 


10 ins. dia. 


Rate of cleaning :— 


20 sq. ft. per minute 


Photograph by kind permission of Weldless Steel oe Co. Lid., Wednesfield CONTINUOUSLY ACTING : 
AIR OPERATED PLANT 


For producing a matt surface 
on both sides of Nickel or Nickel 


Plated Strip. 


The equipment is 
complete with 


Coiling Gear. 


We shall be 
pleased to quote 
for special plant 
to meet your 


needs. 


J. W. JACKMAN & Company Limited 
VULCAN WORKS «= BLACKFRIARS ROAD + MANCHESTER, 3 


Telephone: DEAnsgate 4648-9 Telegrams: Blast, Manchester 


METALLURGIA, April, 1959 
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|. Aluminium Bale Out Furnace 9. Tilting Crucible Furnace 

2. Cyanide and Preheating Pot Furnace 10. Oil Fired Rotary Melting Furnace 

3. Gas Fired Semi-Muffle Furnace It. Portable Rivet Heating Furnace 

4. Gas Fired Studio Pottery Kiln 12. Gas Fired Rotary Hearth Furnace 

5. Oil Fired Forge Furnace 13. Eddy Flame Oil Burner 

6. Cyclone Forge and Reheating Furnace 14. Vertical Forced Air Circulation Furnace 
7. High Speed Section Heating Furnace 15. Eddy Gas Burner 

8. Double Deck High Speed Steel Tool Furnace 16. Gas Fired Saitbath Furnace 


offer a wide range of special Furnaces, ** tailor mide “* to individual requiremen 
We a wide ra IF ** tail de"*t dividual ts 


Thermic Equipment & Engineering Co. Ltd., 


(Subsidiary Company of Gibb Bros. Limited, Dudley ) 


SALMON STREET, PRESTON TELEPHONE : PRESTON 56254 5 TELEGRAMS : THERMIC-PRESTON 


METALLURGIA, April, 1959 
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VETALLURGIA, April, 1959 


The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum car- 
burising time, fastest production rates and full 
quality control. Write to us for advice on the 


application of gas carburising for your work. 


~ 


FOR ALL HEAT-TREATMENT PURPOSES 


WILD 
Barrel 
FURNACES 

WILD-BARFIELD ELECTRIC FURNACES LIMITED 
LLECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD. HERTS TELEPHONE: WATFORD 26091 (8 LINES) 


ws. 90 
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LIGHTWEIGHT 
INSULATING 
REFRACTORIES 


Photograph rerroduced 
by courtesy of Appleby 
Frodingham Steel Com- 


pany (Branch of The 
United Steel Companies, 
Lid.) 
Atkinson Lid 


and Stein and 


Electric soaking pit, designed and 


KINGSCLIFFE 


PRODUCTS LTD. 


built by Stein and Atkinson Ltd., 


for the Appleby-Frodingham Steel 


Company (Branch of the United 
pan) Storrs isos Works, Loxley, Sheffield 
Phone: 343844 /5/6 


Steel Companies Ltd.), Scunthorpe KIP/39 


METALLURGIA, Apri, 1959 
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Pressed brick 
being lifted from 
the die 


MELALLUAGIA, April, 1959 


PRESSING PROBLEM SOLVED 


Pickford Holland install the latest hydraulic presses 
Jor standard and special shapes 


Refractory bricks today must be abso- 
lutely accurate in size and shape. These 
qualities, combined with unerring con- 
sistency in texture and performance are 
achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control 


of the various processes is_ strictly 
observed, and the finished bricks are 
carefully inspected and tested before 
being despatched to the consumer. 
More and more Pickford Holland 
refractory bricks are being supplied to 
steel and other industries throughout 
the world and the demand still grows. 
This surely points to the success of this 
policy of plant modernisation and is a 
tribute to the lasting service that these 
bricks give. 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size. Shape, Texture and Performance 


SHEFFIELD 10, TELEPHONE 33921. 


PICKFORD, HOLLAND & CO. LTD., 381 FULWOOD ROAD, 


VETALLURGIA, April, 1959 
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A battery of three Wild-Barfield A.H.F. 7) kW. equipments 


WILD-BARFIELD 
A.H.F. 
equipment at 


LOCKHEED 


HYDRAULIC BRAKE CO. 


is used by Lockheed Hydraulic Brake Co. at their Leamington 
factory for induction soldering tanks to brake master cylinders. 
Many other industrial concerns have found that Wild- 
Barfield induction heating speeds production, saves space 
and offers savings all along the line. Our engineers will be 
glad to supply further details and explain how Wild-Barfield 
A.H.F. equipment can help you. 


ARFIE Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS. WATFORD, HERTS. Telephone : Watford 2609! (8 lines) 


were 
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all the way 


Every furnace ts an Incandescent furnace 


, ~ in the annealing shop at the Abbey Works of The Steel 
: a Company of Wales Ltd) More are to follow, and 
extensions now in progress (seven furnaces and 


eighteen bases) will bring the installation up 
to 29 furnaces and 78 bases, with an 


output of 17,000 tons per week. 


THE INCANDESCENT HEAT CO., LTD. © SMETHWICK «= ENGLAND 


13 10 59 


RGIA, Apri, 1959 


wt 
‘ 
= 
at 
at 


Bustle main of Queen Victoria Blast Furnace showing ‘ gunned’ lining in Tri-Mor Dense ‘ Gunerete’ 
Inside diameter of shell § feet. Thickness of ‘Guncrete’ lining 9 inches 


Photograph by courtesy of the Appleby-Frodingham Steel Co. ( Branch of the United Steel Companies Ltd 


TRI-MOR GRADES 


TRI-MOR Standard Castable 

A medium texture refractory having negligible shrinkage 
up to 1,350 C. Suitable for casting special shapes or for 
monolithic structures. Limiting service temperature 
1,350 C. 


TRI-MOR High Strength Castable 

A similar refractory to Tri-Mor Standard Castable, but 
specially developed to have very high mechanical 
strength over the lower temperature range. Maximum 
service temperature 1,250 C. 


TRI-MOR High Temperature Castable 
Suitable for face temperatures up to 1,600 C; has an 
extremely high resistance to thermal shock; used for cast 
in situ monolithic structures and for pre-cast refractory 
shapes; can be applied with a cement gun. 


GAN. 


TRI-MOR High Temperature Mou!dable 

A plastic refractory for use up to 1,650 C: low shrinkage 
and a high resistance to spalling. Supplicd mixed to the 
correct consistency for installation. 

TRI-MOR Dense “ Guncrete”’ 

A hydraulic setting refractory with a maximum service 
temperature of 1,300 C. It has a high resistance to 
abrasion. Designed for application by cement gun, but 
can be trowelled. 

TRI-MOR ZJ/nsulating Castable 

An insulating castable for maximum service temperatures 
of 1,200 C; low thermal conductivity is its main feature. 
TRI-MOR ZJnsulating Guncrete” 

Similar to Tri-Mor Insulating Castable but for applica- 
tion by cement gun. 


Full details of each grade are available on request. 


For further information write to: MORGAN REFRACTORIES LTD 
NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1406 ne 143 
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Two sets of initials, both of which stand for reliability. 
Millions of nuts, bolts, rivets and fasteners of all types 
leave the Darlaston (Staffs.) works of Guest, Keen & 
Nettlefolds (Midlands) Limited every week. Accurately 
made from the best quality materials, heat-treatment 
plays an important part in ensuring that they conform 
to the highest specifications. 

Among the latest equipment installed by G.W.B. 
Furnaces Limited are three completely continuous lines 
of Hardening and Tempering furnaces. Each line 
comprises: 30 cwts. Loading hopper—De-greaser- 
Hardening furnace—Continuous quench extractor 
Loading hopper—De-greaser—Tempering furnace 
Continuous quench extractor. The Tempering units 
can also be used independently as Hardening furnaces 
if required) Each furnace has an output of 5 6 cwts. 
per hour, and the whole installation is served by two 
men only, one to supervise the general operation and 
one fork truck driver who, among his other general 
factory duties, loads the hoppers and conveys the full 
bins of heat-treated components to the Packing Dept. 


G.VB. Hardening & Tempering Furnaces at Guest. Keen and Nettlefolds, Darlaston, 


“Uf it's a matter of how to fasten one thing to another, get in touch 
with GKN.” If it’s a question of electric heat-treatment or melting 
equipment, consult G.W.B. 


Over 25 years’ experience in electric furnace design at your disposal. 


VETALLURGUIA, April, 1959 


G.W.B. FURNACES LTD. 


P.O. BOX 4, DIBDALE WORKS, DUDLFY, WORCS. Tel: Dudley 4284/5/6/7 & 5081/2/3/4/5 
Associated with Gibbons Bros. Ltd., and Wild-Barfield Electric Furnaces Ltd 


it 
j bf 
; 


Roller chain parts carbonitrided in 
Efco-Lindberg Carbonitrider by 
Morse Chain division of Borg-Warner Lid 


Ford motor gear parts 
carbonitrided in E/co-Lindberg 


Carbonitrider 


Wear resistant parts like these 
are Carbonitrided in EFCO Furnaces 


Cash register, roller chain, and motor car 
manufacturers use Efco furnaces for carbonitriding components 
that must withstand impact and wear. A typical 
Efco-Lindberg carbonitrider is the standard CT-122410-A3 
furnace illustrated. This is heated by the new Corrtherm 
electrical elements located in the side walls, the 

current being supplied through aluminium busbars 

from a special transformer situated on the top of the 
furnace. The charge dimensions are 12 in. wide ~ 

10 in. high < 24 in. long, and the output for straight 
hardening is about 100 Ib. per hour. Standard sizes are 
available up to 24 in. wide x 18 in. high = 48 in. long 


REVOLUTIONARY CORRTHERM ELEMENT 


The Efco-Lindberg Corrtherm element is a sheet of 
corrugated nickel chromium which practically 

covers the walls of the furnace, and operates on an 
extremely low voltage. It eliminates current 

leakage due to carbon deposition, has very long life, 
gives uniform heat distribution, and eliminates 

risk of harm to operators through accidental contact. 


Let us send you these publications: 

Carbonitriding & Carburizing furnaces with gas- 
fired radiant tubes or the new Electric Corrtherm 
Elements. 


ELECTRIC RESISTANCE FURNACE CO. LTD., NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY 


Telephone : Weybridge 3816 Associated with Electro-Chemical Engineering Co. Ltd. 
NRP/ 23036 


YS METALLURGIA, April, 1959 
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Dependability 


and Quality in 
Dunelt Special 
purpose Alloy 
and Carbon 
Steels 


Black rolled, bright drawn 

or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 

steels, die steels, shear blade 
steels, high-speed tool steels, 
stainless steels, valve steels, 


hollow steel bars. 


DUNFORD & ELLIOTT (SHEFFIELD) LTD 
ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 


Telephone: Telegrams 
41121 (5 lines) Blooms, Sheftield, 9 
London Office: Birmingham Office: 
Linford Street, 25 Burlington Chambers, 
S.W.8 118 New Street, 2 
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Roller chain parts carbonitrided in 
Efco-Lindberg Carbonitrider by 
Morse Chain division of Borg-Warner Lid 


Ford motor gear parts 


carbonitrided in Efco-Lindberg 


Carbonitrider 


Wear resistant parts like these 
are Carbonitrided in EFCO Furnaces 


Cash register, roller chain, and motor car 
manufacturers use Efco furnaces for carbonitriding components 
that must withstand impact and wear. A typical 
Efco-Lindberg carbonitrider is the standard CT-122410-A3 
furnace illustrated. This is heated by the new Corrtherm 
electrical elements located in the side walls, the 

current being supplied through aluminium busbars 

from a special transformer situated on the top of the 
furnace. The charge dimensions are 12 in. wide » 

10 in. high ~ 24 in. long, and the output for straight 
hardening is about 100 Ib. per hour. Standard sizes are 
available up to 24 in. wide = 18 in. high = 48 in. long 


REVOLUTIONARY CORRTHERM ELEMENT 
The Efco-Lindberg Corrtherm element is a sheet of 
corrugated nickel chromium which practically 

covers the walls of the furnace, and operates on an 
extremely low voltage. It eliminates current 

leakage due to carbon deposition, has very long life, 
gives uniform heat distribution, and eliminates 

risk of harm to operators through accidental contact. 


Let us send you these publications: 
Carboniuriding & Carburizing furnaces with gas- 
fired radiant tubes or the new Electric Corrtherm 
Elements 


ELECTRIC RESISTANCE FURNACE CO. LTD., NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY 


Telephone ; Weybridge 3816 Associated with Electro-Chemical Engineering Co. Ltd. 
NRP/ 23036 
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Dependability 


and Quality in 
Dunelt Special 
purpose Alloy 
and Carbon 
Steels 


Black rolled, bright drawn 

or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 

steels, die steels, shear blade 
steels, high-speed tool steels, 
stainless steels, valve steels, 


hollow steel bars. 


METALLURGIA, April, 1959 


DUNFORD & ELLIOTT (SHEFFIELD) LTD 
ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 
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London Office: Birmingham Office 
Linford Street, 25 Burlington Chambers, 
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Ring Consett 341! 


Whether it be a single shape, or a matter 
of thousands of tons — you will find CONSETT’S 
Refractories experts keen — and able — to give 


you every assistance. 


\\ 


CONSETT IRON CO. LTD. 


CONSETT €O. DURHAM 


Telephone: Consett 34] (12 lines) 
Telegrams: Steel Phone Consett. 
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The new Total Vacuum X-ray Spectrograph PW1540 designed 
for use in conjunction with the Standard Philips high and low 
angle goniometer PW 1050 (Products of N. V. Philips, Eindhoven) 


Sole Distributors 
in U_K. 


METALLURGIA, Apri, 1959 


Quality Control 


through X-ray spectrography 


NOW—DOWN TO MAGNESIUM! 


PHILIPS new Total Vacuum 
Spectrographic Attachment PW'1540 
makes an outstanding scientific advance 
available to industry. The advantages of 
X-ray spectrography (non-destructive, 
rapid, qualitative and quantitative 
analysis) are now extended to all elements 
from uranium down to MAGNESIUM. 


Special features of Philips PW1540 Total 
Vacuum Spectrographic Attachment :— 


1. Total Vacuum allowing detectability down 
to magnesium. 


2. Built-in flow proportional detector. 
3. Crystal changing without breaking vacuum. 


4. Energy-sensitive probes for pulse-height 
discrimination. 


This application service for industry has 
helped many... it may help you too! 


Your most obstinate problem of quality 
control may possibly be solved by the 
unique properties of X-ray spectrography. 
Arrangements have been made between 
Research & Control Instruments Limited 
and N. V. Philips, Eindhoven, whereby 
the experience and facilities of the 
world-famous Philips X-ray analysis 
laboratories can be placed at your service. 
The problem will be studied by specialists 
and their conclusions can be discussed in 
your own works. This service is entirely 
free. Write to us now. 


Write for detailed specification to:— 


RESEARCH & CONTROL INSTRUMENTS LTD 


Instrument House - 207 King's Cross Road . London . W.C.1 
Telephone: TERminus 8444 
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THEY ALL STOPPED TO LOOK 


When a group of Foundry Technicians and 
Executives recentiy visited the Edgar Allen Steel 


Foundry, their main interest was the latest concep- 
tion of the art of quenching. This takes the form of 
a 3-stage batch quenching furnace for the treatment 
of carbon, austenitic (11-14°,,) manganese and alloy 
Steel castings, and a new method of ensuring 
prompt efficient contact of the castings with the 


quenching medium. 

The installation of this up-to-date and efficient 
equipment is another great step forward in 
Edgar Allen & Co. Ltd’s constant aim - “Quality 
Improvement”. The purpose behind it? - YOUR 


interests ! 


Range of products illustrated in our Steel 
Foundry Book, May we post you a copy? 


To EDGAR ALLEN & CO. LTD. 4 
gar Allen & Lo. Limite ! 

tee vmundry 
IMPERIAL STEEL WORKS SHEFFIELD 9 


For this Booklet post the coupon to-day 
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Greater efficiency, more precise control, higher output with considerably less 
maintenance and running costs—these are the features that place these 
STORDY Electric Furnaces ahead for light alloy treatment. Unit construction of heater 
battery allows ready derating adjustment for precipitation treatment and annealing—with same 
precise temperature control. In addition, the heater battery is remote from the furnace 
chamber and therefore easily accessible for inspection without dismantling. The large 
capacity centrifugal fan gives greater air circulation. 
The furnace illustrated is for the heat treatment of extruded sections— work dimensions 
5 ft. diameter by 8 ft. deep 


us 


CUMBRIA HO 
SM/SE 2807 
VETALLURGIA, April, 1959 
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MACHINERY 


SCANDINAVIA 


and machine tools to and from 


STOCKHOLM 


a 
GOTHENBURG a 


Further information gladly supplied by the 
Continental Traffic & Shipping Manager 


Eastern Region, Harwich House, 129 
Bishopsgate, London, E.C.2 or from 
British Railways District Officers and 
Goods Agents 


by the 


TRAIN FERRY SERVICE 


A new international tariff for the conveyance of machines, 
machine tools and machine parts in complete wagon loads, 
without transhipment, has now been introduced. Wagons 
travel to Denmark, Norway and Sweden via the Harwich- 
Zeebrugge Train Ferry with the absolute minimum risk of dam- 
age or loss,irrespective of the distance and nature of goods. 
In the case of larger pieces, packing can be dispensed with 
entirely and for small and delicate articles lighter and less 
expensive packing may be used. Except where required by 
Customs in transit, wagons are not opened until destination 
is reached. These facilities offer a most advantageous and 
economical means of transport. Conveyance rates can be 
quoted between stations in Great Britain and those in 
Denmark, Norway and Sweden on application. 


BRITISH RAILWAYS } 
— 


RAPID-REGULAR- RELIABLE 
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NORFOLK HOUSE 


BRITISH ALUMINIUM 


for MERLIN REACTOR 


This Core Tank for a Merlin-type Swimming Pool Reactor was produced by The 
A.P.V. Co. Ltd, using BA 99.5", purity aluminium plate, inert-gas welded. 
In many and often unpublished ways British Aluminium provides technical 


assistance and material to the Nuclear Energy Industry. 


The BRITISH ALUMINIUM Co Ltd 


ST JAMES’S SQUARE LONDON 
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The greatest advance since 

SPARCATRON established 


spark erosion machining 
on a commercial basis 


Up to four spark-heads can 
be operated from one control 
cabinet. The current 1s 
automatically cut off when 
the electrode has penetrated 
the workpiece to a predeter- 
mined depth allowing one 
operator to supertise oa 
number of heads 


APABLE of operating three to eight times as fast 
as the Mark II model, depending on the type 


Pioneered and established in the 


of material and finish required, the latest 


SPARCATRON spark erosion machine, Mark III, has 
toolmaking industry for spark- 
exceptional accuracy and increased capacity. The new 

machining and reconditioning 


design also features ease of access for loading the table press tools and dies and wire 


and setting the servo-head and the facility for drawing and extrusion dies in 


quick and accurate alignment of the electrode. cemented carbides and hardened 


SPARCATRON affords the best means of “cutting” 


steels. There are extensive 


| > 


applications tor “‘cutting’’, recon- 
intricate shapes, profiles, forms, or impressions in 


both hard and soft current-conducting materials. tangential form tools and similar 


components, 


Manufactured by Impregnated Diamond Products Ltd. 


SOLE SELLING AGENTS GT. BRITAIN & N. IRELANO 


BURTON GRIFFITHS & CO. LTD., KITTS GREEN, BIRMINGHAM GRIFFITH 


Telephone STECHFORD 3071 
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Stress relieving of a heat-exchanger for Bradwell Nuclear Power Station carried 
out at the Thornaby-on-Tees Works of Messrs. Head Wrightson. Teesdale Ltd 


Stress relieving of LARGE VESSELS 7 


\ MODERN TECHNIQU! 
Above is an example of this technique. The 95 ft. long heat ADVANTAGES 


exchanger ts totally covered with Sullite SRLO semi-rigid-slabs 


and mineral wool mattresses. The heat is applied within the * Stress relieving can be carried out 
on site thus solving the problem of 
vessel by means of electric resistance elements disposed to transporting large vessels 


give uniform heat. In this instance stress relieving tempera- 


ture was attained in only 25 hours, and the soaking tempera- te «Saving in Capital Investment—no 
outlay required for a large per- 
ture maintained. manent furnace structure 


— Saving in heating costs. Relieving 
temperature quickly attained be 
cause of the low heat capacity of 
the enclosing insulation. 


Regd. Trade Mark 


Full information upon the application of this technique gladly sent on request 


STILLITE PRODUCTS LIMITED - WHITEHALL, LONDON, S.W.|I. 


Telephone: Whitehall 0922 6 
and at 231 St. Vincent Street, Glasgow, C.2. Telephone: Central 4292 
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TODAY for details & prices 


MICROFIN 


DIAMOND ABRASIVE COMPOUND 
METALLOGRAPHY 


@ Microfin Diamond Abrasive Compound is 
made in both water and oil soluble com- 
position. Used for polishing Metallurgical 
specimens it is helping laboratory practice 
by bringing out the metal’s pure character- 
istics without causing metal flow and by 


giving clear definition of grain boundaries, 
edges and inclusions. For instance, in cast 
iron, nodular and flake graphites are easily 
detected. Microfin achieves great economy 
in the laboratory in price as well as giving 
cleaner and quicker results. 


Manufactured by 


UNIVERSAL DIAMOND CO. 


Unidex Works, 192, Seven Sisters Road, LONDON, N.4 Telephone and Telegrams : 


LTD. 


ARChway 0116 7 


MECHANICAL WORLD YEAR BOOK 


for 1959 


The prime aim of structural development in recent years has been reduction in weight. The technique of cold forming 
permits an increase in the load carried per pound weight of structure. This can be achieved on the one hand by using thinner 


material and on the other by providing a very much greater variety of shapes. 


The latter feature allows the structural 


engineer not only to select but if necessary to design the section shapes most suited to his purpose. Cold-formed design 
in its conception differs from the design of hot-rolled members only in taking account of features which, due to the relatively 


‘ thicker 


section outlines used in hot-rolled construction, are disregarded in that field. Thus cold-formed design does not 


really involve a study of new features but rather a reconsideration of neglected ones. A new article in this edition of the 
Year Book presents full data for practical design in the new medium. 


360 pages 


The Use of Cold-Formed Sections in Structural Design 
The Design of Gas Turbine Plants 

Engineering Materials 

Ferrous Alloys 

Non-Ferrous Alloys 

Bearing Metals 

Heat T 
Hardness Testing 
The Light Alloys 
Die-casting 


reatment 


Plastics 

A Review of Progress in the Steam Cycle and the per 
formance of Steam Turbine Plants 

Metal Finishing 

Horse-power per 100 ft. of Horizontal Conveyor 


Lubricating Oils 
Machine Tools 


Pumps : Their Choice and Driving 
Steam Boilers 
Boiler Mountings, Fitting, and Instruments 


ILLUSTRATED 
BRIEF OUTLINE OF CONTENTS 


External Pressure on Tubes 
Cylinders and Pans 

Press Work 

Toothed Gearing 
Production of Gears 


TABLES : 

Steam and Thermometric Tables 
Pipes and Tubes 

Standard Gauges 

Screw Threads 


Cutting Speeds and Feeds 
Tapers 
Tolerances and Fits 


V-ropes, Ropes, Belts and Keys 

Strength and Properties of Plates, Bars, Sections, etc 
Physical Properties of Materials 

Weight Calculating Tables 

Decimal Equivalents 


4 6 NET (by post 5 3) 


Radius (Corner) Area 

Price Equivalents 

Decimal Equivalents of 

Metric and British Conversion Tables 

British Weights and Measures 

Equivalents of Imperial and Metric 
Measures 


Weights and 


Hydraulic Equivalents 

Displacement Table 

Pressure and Head of Water 

Weight and Specific Gravity of Miscellaneous Solids 

Broken Coal in Bulk 

Brassfounders’ Metal Mixtures 

Babbice Metal 

Selected British Standards relating to Mechanical 
Engineering 

Calendar for 1959 

Export Credit Guarantee Dept 

Classified Buyers’ Directory 

index to Tables 

General Index 


Copies may be ordered through any bookseller or direct from the Publishers, 


EMMOTT & CO. LTD., 3! King Street West, Manchester 3 ; 


and 158 Temple Chambers, Temple Avenue, London E.C.4 
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5 Ton Melting 
COMPANY OF WALES LTD 


Electrically heated meiting furnaces as illustrated are employed in Anode Casting Departments of 

Trostre Works, Llanelly, and at the Velindre Works, Morriston for melting tin. The furnaces are ' 
complete with hand operated mould conveyors, each arranged to accommodate 10 moulds into . 
which the liquid metal is discharged under pressure. 


For all types of non-ferrous melting furnaces, gas, oil or electrically heated 
y g y 


ASK BRAYSHAW 


BRAYSHAW FURNACES LIMITED 


BELLE VUE WORKS, MANCHESTER, 12. 
Telephone : EAST 1046 Telegrams : ** HARDENING *'; MANCHESTER 
LONDON OFFICE : 21, LIVERPOOL STREET, LONDON, E.C.2. Telephone : AVENUE l617 8. 


VETALLURGIA, Apre, 1959 


Friday fish, to find one of the few anglers 
whose hooks are not hardened in 

Birlec furnaces! For all small steel parts 
needing accurate production hardening 

and tempering, Birlec shaker hearth furnaces 


are pre-eminently suitable. 


BIRLEC SHAKER HEARTH 
furnaces are available in standardised 
capacities with appropriate non-scaling, 


non-decarburising atmosphere control. 


BIRLEC LIMITED 


LONDON 


SHEFFIELD 


An Company 


ERDINGTON + BIRMINGHAM 24 


GLASGOW NEWCASTLE-ON-TYNE 
JOHANNESBURG 
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The Technologist and Management 


LTHOUGH much of the talk about 
4 profits seems to ignore the fact. the continued 
prosperity of this country and the maintenance of our 
standard of living depend as much as ever they did on 
our export trade, which relies mainly on those industries 
in which rapid technological progress is being made. For 
our export drive to be successful, therefore, it is essential 
that we should be in the foretront of these advances 
and this calls for an adequate supply of scientists and 
technologists. the former to carry out the research which 
will expand the frontiers of our scientific knowledge, and 
in so doing may reveal secrets of nature on which im- 
portant developments may be based, and the latter to 
cnsure that there is no delay in exploiting these discoveries 
and applying them on an industrial and commercial 
scale. Because of the importance of the technologist in 
this role, Lord Simon, Chairman of the Port of London 
Authority, told his audience at the first Hugh Macmillan 
Memorial Lecture to the Institution of Engineers and 
Shipbuilders in Scotland, that he is likely to find it 
difficult to enter the management field. 

Before discussing the various factors involved. Lord 
Simon distinguished between the board of directors and 
the management, pointing out that the function of the 
board is to decide upon the policy of the company, and 
of the management to carry out that policy. It is 
essential of course that the two work closely together, 
and for that reason it is that each should 
understand the difficulties of the other. The distinction 
having been made, it will be seen that the personal 
qualities which make for a good director are different 
from those needed in management. The attributes of the 
technologist are different again, so that the fact that a 
man is successful in the one sphere ts no criterion that he 
will be in either of the others. On the other hand. the 
man who has made his mark as a technelogist may prove 
effective the fields of management or 

as has been amply demonstrated in many 


wages and 


equally 
direction 
instances 
Among the qualifications peeded by the manager 
Whose main function is to weld all those working for 
the company into a team, and to organise their work in 
an economical and an efficient way— Lord Simon places 
first the ability to lead men and to contre! them without 
seeming to regiment them. Whilst experience can cer- 
tainly help in this respect. inherent characteristics are of 
the utmost importance, and for this reason many believe 
that good managers are born, not made. Nevertheless, 
the future manager needs plenty of experience at lower 
levels in the art of management itself, in order to develop 
his potentialities in this field. Ideally. he should have 


departmental experience in as many as possible of the 
different sides of the business, as this will prove of 
inestimable value in his task of trying to unite the efforts 
of the various sections into an efficient whole 
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What technical qualifications are required ina manager 
depends largely on the nature of the company's activities 
He must, at least. have sufficient knowledge, not only of 
the technical processes themselves, but of the scientific 
basis on which they rest, to be able to understand the 
problems that are likely to arise, the way in which these 
problems can be met and overcome, and the direction in 
which progress and development is likely to lie. He must 
also be able to discuss these matters intelligently with the 
technical experts, and provided he does not imagine he 
knows more about it than they do, the wider his know- 
ledge the better 

The technologist on cntering industry has probably had 
a good scientific training, together with some A perience 
of applied science ina technological cr research institute 
He now has to apply his mind to the problems of the 
industry and familiarise himself with techniques and 
processes which are new to him. Moreover, he must keep 
up to date with progress in his own and adjacent fields 
All this is complementary to his principal job in research, 
development, production, ete It will be obvious 
therefore, that his time is pretty well filled without 
expansion according to Parkinson's Law —compression 
would be nearer the mark! In these circumstances it Is 
difficult for the technologist to find time to acquire the 
successful 


wider experience necessary to make him a 
manager. This is particularly true in an industry in 
which the relevant technology is rapidly changing, 


because so much of the technologist’s time must be 
spent in keeping himself up to date 

There is no fundamental reason why a man with a 
scientific or technological education should not prove just 
as good at controlling and leading men as anyone else 
Furthermore, he should be at an advantage in certain 
aspects of management, in that his training should 
have taught him how to formulate his experience, how 
to analyse it in such a way as to separate constants and 
variables in the problems he has to face, and how to 
establish the relationship between the variable factors 
In this way he is able to shorten the long road of 
experience, [t does seem, however, that management ts 
faced with a difficult problem if a member of its technical 
staff is considered a possible candidate for promotion on 
the management side him to get some 
Jepart mental experience in other aspects of the business 
and give him early experience in’ management itself, 
involves taking him away from his technical duties. If 
technologists were ten a penny this step would be easy 
to take, but in the circumstances prevailing today it 
calls for a decision of major importance, because for 
quite a time his services will be less valuable to the 
company than when he was on the technical side, and 


To enable 


although— if he makes good--his early training and 
experience will increase his value as a manager the 
further development of his talents as a technologist will 


almost certainly have been sacrificed. The decision ts 


not an easy one to make 


Scrap Exports 

Ir is estimated that from September last year to the 
7th March 1959, when the export licensing arrangements 
expired, some 400,000-500,000 tons of serap, mainly in the 
heavy grades, have been exported. Furthermore, there 
is evidence that, in general, home scrap is arising less 
freely, particularly in the better qualities. Whilst light 
scrap is not looked upon with favour by the steel industry 
except in times of dire need, heavy serap is quite a 
different matter, and the export of so much good quality 
raw material is a matter of some concern. True, with the 
increasing availability of pig-inon resulting from the 
blast furnace construction programme, there has been a 
tendency to increase the hot-metal scrap ratio in the open 
hearth furnace, but the steelmaking section of the 
industry should be sufficiently flexible to take advantage 
of the surplus good quality scrap. 

In 1958 steel production fell by 2 million tons, but 
steel consumption fell much less. For the past eighteen 
months industry has been living on its stocks, and during 
that period some 7 million tons came out of stock which 
Was not known to be there—in other words, the stock 
figures were cinreliable—and it is believed that the 
hidden stocks ace not yet exhausted. However, there 
are signs that stocks are going to be built up again, 
which will help to increase the demand for steel and, 
incidentally, for scrap. 

The steel industry, too, has been living on its stocks 
to some extent—in this case of scrap-—and with a view 
to absorbing a major proportion of the surplus scrap 
and avoiding a complicated scheme for stocking scrap, 
steelmakers are to maintain their stocks at least at the 
present level, and the British Iron and Steel Federation 
is putting in hand arrangements whereby ship-breaking 
scrap will be stockpiled at an annual rate of 250,000 tons. 
The industry ts therefore in a position to assure the serap 
merchants that serap stocks will not be reduced below 
the level held at January 24th, and as far as possible 
scrap purchases by steelmakers will be commensurate 
with the rate of consumption. Those companies which 
have reduced their scrap stocks to a low level will 
endeavour to raise them to a more normal level, but it is 
possible that in some areas scrap merchants may tem- 
porarily be unable to deliver scrap at the rate required, 
and some fluctuations in the stoeks at individual works 
may be unavoidable 


Coiled Tinplate 


THE first coils of tinplate ever to be produced in this 
country have been made at the Velindre Works of The 
Steel Company of Wales. So far, about 100 tons of strip 
tinplate in coil form have been despatched to customers. 

When the No. 2 electrolytic tinning line was installed 
at Velindre, it was equipped with twin recoilers situated 
immediatety following the drive bridle. These have now 
heen brought into use and are ready to supply the demand 
for coils, which is expected to increase as more users of 
tinplate equip their works with coil handling equipment 
At present only a few companies have the necessary 
facilities to handle coils, but it is understood that others 
are planning to include such equipment in proposed new 
plants. 

For the tinplate users there are a number of obvious 
advantages in being able to obtain tinned strip. Not only 
does it lend itself more readily to continuous processes, 


viving increased speed of production. but it) allows 


low 


When cutting can ends, for 
example, the use of continuous strip can save a consi- 
derable percentage of the surface area compared with 
In addition, strip is easier to handle as it is 
possible to pick up ip one coil the equivalent weight of 
tive or six loaded stillages of cut plate. 

From the production point of view also, there are a 


considerable economy. 


sheet. 


number of advantages. Better continuity increases the 
speed of production, which is a benefit whether the tin- 
plate is despatched in coil form or is cut up before des- 
patch on the company’s own cutting lines. In addition, 
the innumerable minor troubles encountered in cutting 
and classifying sheets at the end of the electrolytic line 
are avoided. 

Adjustments required to change over the line to coil 
production have been reduced to a straightforward 
routine, after which the operations proceed at an 
increased speed. Strip passing through a down and 
upeut shears is cut and deflected down a conveyor to 
the recoiler, where a belt wrapper causes it to coil around 
a collapsing mandrel. The strip is then recoiled at speed 
until the required size of coil has been built up, when 
push button control is then sufficient to shear the strip 
and deflect the leading end into another conveyor, 
leading to the second recoiler, without actually stopping 
the line. 

The recoilers are equipped with Askania edge control, 
which causes each mandrel to be moved hydraulically to 
follow any direction of one edge of the strip. This 
provides coils with good uniform sides. Coils which at 
present weigh up to 7 tons, according to the customers 
needs, are carefully wrapped in corrugated bituminous 
paper before being despatched from the works 
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Studies on the Dry Corrosion of 
Nimonic 80A by Peat Ash 


By J. A. Waddams,* B.Sc., M.Sc., F.R.1-C. and 


J.C. Wright,t Ph.D., B.Sc., A.I.M., A.M.inst.F. 


An account is given of the effects of typical peat ashes on Nimonic SOA at temperatures of 7M 
Previous work on related aspects of the dry corrosion of high-nickel alloys is reviewed 


The present study confirms the opinion that the form of accelerated oxidative corrosion considered os 
preceded hy sulphidation, particularly when alkali sulphate chloride mixtures are involved | 
critical examination of the process, using metallographic and X-ray diffraction techniques, is re ported 
which indicates that when Nimonic SOA is subjected to these mixtures at elevated temperatures, th 


URING recent: vears a considerable amount of 
D work has been carried out on the design and 

operation of gas turbines utilising pulverised tuels 
The problems arising from corrosion, deposition and 
erosion by ash particles in the open cycle turbine, and of 
corrosion and deposition in the heat exchanger of the 
closed cycle turbine, were recognised from the beginning, 
and investigations are continuing on several aspects of 
these problems. The work described in this paper covers 
an initial survey of the dry corrosion effects of peat ash 
on Nimonic SOA. the material used for the blading of the 
yas turbine with which the authors were most closely 
concerned. This turbine, a 750-1000 KW. open evele 
machine fired by pulverized peat, was designed and 
constructed by Messrs. Ruston & Hornsby. Ltd.. of 
Lincoln. 

It is known that certain nickel-chromium and other 
alloys are susceptible to attack by sulphur compounds at 
working temperatures common in turbines. Since 
sulphur and chlorine, combined in various ways, exist in 
peat ash, there is a possibility that the Nimonic SOA 
turbine blades of the peat-fired gas turbine may be 
subjected to attack by sulphur dioxide formed during 
combustion, or by solid sulphates contained in deposits 
which form on the blades. 

Mordell and Foster-Pegg, working on an experimental 
exhaust-heated coal-burning turbine, have reported 
severe corrosion of Nimonic 75 tubes in the heat 
exchanger.'| Sulphur in the oxidised condition did not 
appear to be responsible for the corrosion, but severe 
local penetration occurred when reduced sulphur com. 
pounds came into contact with the tubes. The import- 
ance of oxidising or reducing conditions has also been 
demonstrated by Simons a/.2 They attributed the 
violent destruction of high temperature alloys by an 
excess of sodium sulphate to triggering off an auto- 
catalytic reaction involving sodium sulphate. Even with 
thin films of the salt, accelerated dry corrosion was 
observed when the atmosphere was alternately oxidising 
and reducing. The mechanism suggested was that low 
valency sulphur compounds produced in a reducing 
environment formed a low melting point metal metal 
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sulphidation process leads to the formation of CrS and Ni, ahead of the oxidation front 


sulphide eutectic which could penetrate the alloy readily 


The matrix, damaged in this way, seemed to be far more 
prone to oxidation than the unaffected metal. In dry 
corrosion crucible tests, rapid attack was observed when 
the sulphate was contaminated with carbon, but the pure 
salt was relatively innocuous. Finally, in’ thermo 
vravimetric studies, Simons and co-workers showed how 
easily sodium sulphate could be alternately reduced and 
oxidised 

The dry corrosion studies of Shirley® on steels and high 
nickel alloys have given direct information on dry cor 
rosion in the peat-fired gas turbine. Preliminary 1,000 
hour tests on two steels and Nimonice SOA, at 770°C 
with peat. showed severe attack associated with sulphur 
pick-up. Laboratory tests demonstrated the effeets of 
various salt mixtures in contact with high temperature 
resistant materials at temperatures comparable with 
those encountered in the blade zone of the peat-fired gas 
turbine. It was concluded that the major part of the 
attack was not caused by gaseous corrosion products 
but that it was initiated by alkali sulphates, contaminated 
with chloride. As little as 1°,, chloride was sufficient to 
promote severe attack at temperatures of 700-8000 0 
The sulphate-chloride attack was found to increase 
rapidly from 650°C. to 750°C. Inert materials were 
found to exert a “ blanketing “ effect against the arrival 
of fresh supplies of the corrosive salts 

In the present work, the effects of dry corrosion of the 
turbine blades under similar circumstances to those 
covered in Shirley’s work have been studied. All the 
more important constituents found in peat ash have heen 
examined as possible corrosive substances 

Materials Used and Experimental Methods 

Peat from Gardrum Moss, near Falkirk, was chosen as 
a basis for these investigations, because a wide knowledge 
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of its properties had been built up in associated research 
programmes and its performance in the gas turbine was 
well documented. 
the ash formed on igniting Gardrum peat at S00°C 

together with the analysis of a typical compressor turbine 
blade deposit after a run using Gardrum peat as fuel, 
the blade region being at a temperature of 730°C. Most 
of the compounds existing in this peat and in turbine 
deposits associated with it have been identified by X-ray 
diffraction techniques. The most important include 
magnesium, calcium, sodium and potassium sulphates. 
sodium chloride, calcium phosphate, aluminosilicates 
quartz or cristobalite, and ferric oxide 


Nature of the Investigation 

The experimental work can be divided conveniently 
into two sections. The first was concerned with crucible 
tests, in which the dry corrosion effects of various com- 
pounds on Nimonic SOA, at temperatures of the same 
order as those operating in the peat-fired gas turbine, was 
assessed quantitively. The second part of the investiga- 
tion was concerned with determining the mechanism of 
the corrosion which occurred, using X-ray diffraction 
analysis and metallographic techniques. Basically, the 
experimental technique followed the general methods 
used by Shirley. Dry corrosion tests were carried out on 
Nimonic SOA cylinders 16 mm. in diameter by 16 mm. 
long, by half immersing them in synthetic mixtures 
contained in shallow silica capsules. The Nimonice SOA 
used in the experiments satisfied specification DT. 
736, the chemical composition limits being as follows : 


Carbon Silicon .. 1-0°,, max 

Titanium 1-8-2-7 Manganese max 

Chromium Is 21 Iron 

\luminium Cobalt max 
Nickel Balance 


Batches of specimens were treated for times of 24 
hours or 150 hours at a temperature of 800°C. in a 
muffle furnace. The corrosion per unit surface was then 
determined from the weight lost for each specimen by 
subjecting it to cathodic descaling in molten caustic soda 
at 400°C. Fig. I illustrates various stages in the dry 
corrosion of the specimens. 

The first series of tests was carried out using the main 
constituents of peat ash, singly and in various combina- 
tions, as corrosive media. Details of the media used are 
given in Table Il. At test temperatures, some of the 
media undergo modification. For instance, the phos- 
phates are converted to pyrophosphates and or meta- 
phosphates, and sodium silicate melts. For this reason, 
the media used in certain tests were stabilized for a few 
minutes at 800° C., cooled and repowdered, to eliminate 
shrinkage and similar difficulties due to changes on 
heating. In certain tests, pulverized peat was mixed 
with the medium at this stage and the specimen placed 


Table | gives a typical analysis of 


Fig. 1. Nimonic 80A specimens : left 

before treatment; centre after 24 

hours in Na,SO, 1°, NaClat 800 C. 

in air; right after 48 hours in the 
same environment. 


with the mixture. The addition of a small 


in contact 
amount of peat to the corrosive media prior to testing 
was made to simulate conditions occurring at the surface 
of turbine blades in the engine when unburnt or partially 


burned peat reaches the turbine. Following this series, 
further tests were carried out over longer times, (e.g. 150 
hours) using peat ash which had been treated with 
additional sodium sulphate and chloride to simulate the 
composition of the ash normally passing the cyelone 
cleaner used on the engine and subsequently arriving at 
the compressor turbine blades. The ash of a typical 
Gardrum peat ignited in a muffle at C. contains 
about 1-5°,, NasSO,, 0-4°,, KZSO, and 0-5°,, NaC], but 
the deposit taken from a blade may contain 
Na,SO,.5°,, K,SO, and 1-5°,, NaCl. In the dry corrosion 
tests, Gardrum peat ash, adjusted to this composition 
For comparison, similar tests were again made 
NaCl as the medium. 


Was used. 
using Na,SO, 
Experimental Results 

The results of these tests are summarized in Tables I 
and TIL. Although single results are reported in most 
cases, repeat checks gave reproducible results. The only 
serious exception Was for NaCl, and it is 
for this reason that all the results for tests in the medium 
are listed. 

Discussion of Results 


From Table TL, it is apparent that of the substances 
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Fig. 2. Metal sulphide and sulphide oxide interfaces in 
au Nimonic SOA sample after 24 hours in Na.SO, 1 
NaCl at 800 ©. in air. Unetched taper section. 200 


encountered in peat ash. the most corrosive by far are 
the sulphates of sodium and potassium, particularly when 
associated with chloride and initially with peat. Calcium 
sulphate. calcium phosphate, sodium phosphate, sodium 
chloride and sodium silicate show only moderate tenden- 
cies to initiate dry corrosion. Of these substances, sodium 
silicate was molten during the tests and appeared to flux 
away the protective chromic oxide, thus giving a fresh 
surface for further oxidation. This view is supported by 
the observation that the medium always contained an 
appreciable quantity of nickel and chromium at the end 
of the tests using sodium silicate. Fortunately. no 
completely molten phase has vet been found in the com- 
pressor turbine of the peat engine. Indeed, most of the 
silicates shown to occur in peat ash are quite refractory 

Chloride accelerates dry Corrosion In all and the 
presence of peat at the beginning of the test appears to 
assist the attack. probably because it provides temporary 
reducing conditions. Relatively inert materials such as 
silica and ferrie oxide appear te play no direct part mn 
the corrosion process, but have a dilution or a shielding 
effect which results in decreased corrosion. It will be 
noted that the attack with sodium sulphate sodium 
chloride mixtures Was intermittent. but when the attack 
did start it 
other workers (e.g. ref. 2) that the chloride content of the 
corrosion medium is critical and probably has to exceed 
a certain threshold value before it effectively accelerates 
corrosion by sulphates. Although in the present work a 
chloride level of 1°,, was used. localised segregation could 
have caused the chloride threshold level to be exceeded 
tests. but not in others. thus giving variable 
The variability of the results could 
also have arisen from the fact that the test temperature 
(S00) ©.) is very close to the melting point of sodium 
chloride. Slight) variations in the crucible or muftle 


Was severe 


in some 
degrees ofl attack 


temperature might therefore have caused this constituent 
to be molten in some tests and not in others 


This contirms the findings of 


ed 
* 


Details of the sulphide phase ahead of the oxida- 
tion front. Unetched taper section. 


Fig. 3. 


400 


Table ID shows that a combination of sodium chloride 
peat and sodium sulphate, over a relatively long time 
makes attack virtually certain. It also indicates that 
over long periods dry corrosion of the Nimonic SOA 
blades in the turbine is to be anticipated at turbine inlet 
temperatures (725 ©.) This is of increased importance 
when peats other than Gardrum peat are used. Work 
on parallel parts of the peat turbine research programme 
has shown that blade deposits resulting from firing with 
Altnabreac or Lullymore peats have considerably higher 
sulphate and chloride contents For instance, a short 
engine run using Altnabreac peat produced a compressor 
turbine stator blade deposit containing more than SO! 
of sulphates and chloride 


X-ray Diffraction and Metallographic Studies 

When Nimonie SOA is heated in 
similar to that encountered ino the 
(725°0).3 with a thin, but strongly 
adherent protective tilm of a-Cr,O \ similar protective 
film has also been shown, by X-ray diffraction. to form at 
a temperature of SOO 

X-ray diffraction patterns (using copper Ka radiation) 
of the oxidized surface on solid specimens of Nimonic 
SOA exposed in a peat fired combustion rig built to 
simulate conditions in the peat-fired turbine, matched a 
standard pattern of the hexagonal form of chromic oxide 
An example of a comparison of the experimentally 


air to a temperature 
turbine 


becomes coated 
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PAVER sBCTION THROUGH A 
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DIFFRACTION DATA FROM A 
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DRY CORROSION 
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AS.T.M. X-ray diffraction data index, is set out in 
Table IV. In contrast, the attack by sulphate chloride 
mixtures produced scales consisting principally of nickel 
oxide, usually very intimately mixed with the corrosive 
medium, and not of chromic oxide. 

Typical microstructures from taper sections through 
the scale metal interface after a Nimonic SOA specimen 
had undergone 24 hours in Na,SO, NaCl at 800° C., are 
illustrated in Figs. 2 and 3. Ahead of the advancing 
oxidation front is a narrow band of a grey phase which 
is typical of this type of dry corrosion. Areas of this grey 
material were sufficiently prominent in several taper 
sections through attacked specimens to be struck 
accurately with a 0-7 mm. diameter X-ray beam. X-ray 


diffraction patterns were therefore recorded direct from 


the taper sectioned microspecimens. Three such areas 
were examined and in two sections, and probably in a 
third, chromous sulphide (CrS) was identified. The 
X-ray diffraction data for one specimen, which showed 
the lines of CrS superimposed over those for the nickel- 
chromium solid solution of Nimonie SOA is given in 
Table V . Table VI gives the diffraction data for another 
section which showed lines other than those of Nimonic 
SOA and CrS. From this it will be seen that strong 
evidence is available for supposing that Ni,S, is also 
present at the dry corrosion interface, and that both 
nickel oxide and chromic oxide (hexagonal Fe,O, type 
structure) also form near to the interface. 


Suggested Mechanism of Sulphate Chloride Attack 
on Nimonic 80A 

At the interface between the nickel-chromium solid 
solution and sodium or similar sulphates, localised and 
temporary reducing conditions can arise in the manner 
already described. This favours the formation of sul- 
phides. Under these conditions it is probable that 
sodium sulphide forms first, sulphur ions readily diffuse 
into the matrix at temperatures of the order of 
and chromous sulphide and nickel sulphide 
are formed, both in a reducing environment. Subse- 
quently, oxidizing conditions, following the advane- 
ing sulphide front. are able to cause vigorous oxidation 
of both nickel and chromium. Because of the disruption 
of the matrix caused by sulphide formation, the custom- 
ary protection normally afforded by chromic oxide is 
virtually non-existent. Thus the localised “ pitting” 
corrosion which is observed in the early stages of this 
type of attack develops rapidly to catastrophic general 


corrosion, Any scale formed is very porous and weak 


DIFFRACTION DATA FROM A TAPER SECTION THROUGH A 
FRONT CAUSED BY SODIUM SULPHATE CHLORIDE 
ATTACK ON NIMONIC S0A 


FABLE VI 
DRY CORROSION 


Intensity Intensity 


Particles of sulphate appear to be engulfed, and adequate 
diffusion of fresh corrosive media to the interface is 
allowed. The attack appears to be catalysed by the 
presence of chloride. A considerable amount of work 
has been carried out on the part played by chlorides 
in this process. Results of considerable interest have 
been obtained and these will be reported in a later 
communication, 


Conclusions 


Dry corrosion of Nimonie turbine 
possible under conditions operating in the compressor 
turbine of an open cycle peat-fired gas turbine operating 
at a temperature of the order of 730°C. This corrosion 
is mainly due to sulphur absorption followed by heavy 
oxidation. The most effective corrosive media are 
sulphates of sodium and potassium, particularly when 
contaminated with chlorides and peat. or under reducing 
atmospheric conditions. Other materials present in peat 
ash, apart from sulphates, can also cause dry corrosion, 
hut they are much less destructive than sodium sulphate. 

The accelerated oxidation of Nimonic SOA under 
these conditions is apparently preceded by the formation 
of sulphides of nickel and chromium, which are derived 
from sulphates under localized reducing conditions. 


blades is 
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Observations on the Process of Nickel Deposition by 


Thermal Decomposition of Nickel Carbonyl at 


low pre 
coatings obtained, such as appearance, 


and porosity of the coatings on various metalle 


of thickness applied and the distribution on varius shape s 
rate of flou and com position of vapour are discussed and an atte mpl is made to relate these 


factors with each other and the properties of the coating. 


pressure, 


I. INTRODUCTION 

N recent vears interest has grown in a technique of 
deposition whereby a metal in the form of a volatile 
compound is caused to decompose at or near to the 
surface of an object to be plated, so that the metal is 
deposited in the form of a coating. The most suitable 
compounds are carbonyls and halides, decomposition 
being effected by heat alone in the case of metallic 
carbonyls, or with the aid of hydrogen in the case of 
metallic halides. Not a great deal of factual data has 
been published on the technique of vapour deposition, 
but it is evident that the processes are not by any means 
so easy to operate successfully as might at first be 
supposed, Nickel deposition by thermal decomposition 
of the carbonyl was selected for study, since the method 
appeared to offer most promise of vielding acceptable 
coatings (it is reported to have reached a stage of 
commercial application in the U.S.A.'). According to 
the patent literature, plating can be 
carried out by this method over a wide 
range of pressure, but operation at low 
pressures appeared to have advan- 
tages in certain possible applications. 
Conditions governing satisfactory depo- 
sition are referred to ina recent British 
patent. The properties of nickel car- 
bony! and decomposition of the vapour 
have been fairly extensively studied 
(see Appendix A), but the mechanism of 
deposition of nickel and the properties 
of the coatings obtained have received 
little attention. With the exception of 
the published methods for plating moly- 
bdenum,® tungsten? and chromium.! 
there was also little guidance available 
on the type of equipment to be used. It 
has consequently been thought neces- 
sary to record observations, experi- 
ences and results of experimental deter- 
minations in more detail than might 
otherwise be usual in a paper such as 
this, and it is hoped that the infor- 
mation will be both useful as an 
introduction to more detailed studies 
and as a guide to the procedure and 
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Low Pressures 
By L. W. Owen, B.Sc. 


Atomic Weapons Research Establishment, Aldermaston 


{nn account is queen of observations made and On pe rimental determinations carried out during the 
deve lopme nt of a method for the deposition of nickel by thermal decom position of nickel carbonyl at 
Detads are queen of the variables controlling the process and the properties of the 


micro-structure, 
bases are assessed and also such factors as the control 


micro-hardness, ductility, etc. The adhesion 


The role of variables such as temperature, 


practice to be adopted for the operation of the process 

The description of the equipment employed has been 
given only briefly, since a fuller treatment, including 
design considerations and the details of practical opera- 
tion of the process has been given elsewhere,’ but the 
method of assessment of the coatings has been described 
in detail for reference in Appendix B. 


Il. APPARATUS 


The apparatus is shown as a working unit in Fig. | 
and schematically in Fig. 2. In design it was suitable for 
both experimental and practical application. 
equipment consisted of four main parts——the plating 
vessel, the high vacuum system, the plating vapour 
system, and the diluent gas system. The function of the 
plating vapour system was to conduct nickel carbony! 
vapour at controlled rates of flow into the plating vessel 
(P,P, in Fig. 2), either with or without diluent gas 


General view of the plating unit. 


Fig. 1. 
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1% 
Fig. 2. Nickel carbonyl plating apparatus. 
A, NICKEL CARBONYL CONTAINER K VAPOUR TRAP Q BAFFLE VALVE 
A DEWAR FLASK LA CERAMIC INSULATED ELECTRODES R BAFFLE VALVE CONTROL 
B, FLOW INDICATOR—BELLOWS MONO- THROUGH WALL OF VACUUM VESSEL 5-5. VACUUM VALVES 
FLOW METER CAPILLARY y 1A S SB,,SB, CONTROL VALVES ON BELLOWS FLOW 
8. BAFFLE VALVE Q AND DIFFUSION METER 
PUMP Y T GAS STORAGE TANK 
D, DIAL VACUUM GAUGE 0-400 mm ADAPTOR FLANGE 
D DIAL VACUUM GAUGE 0-10 mm N BELL JAR FLANGE U WATER FLOW INDICATOR 
D, DIAL VACUUM GAUGE 0-100 mm N FIXED CHAMBER UPPER FLANGE SUP- y ROTARY OIL VACUUM PUMP (BACKING 
E,-E, NEEDLE VALVES PORTING FLANGE N, LINE) 
F GAS PURIFYING REAGENT TRAY Ns FIXED CHAMBER LOWER FLANGE W ROTARY OIL VACUUM PUMP (VAPOUR 
G EXTERNAL DELIVERY TUBE OF BELL ‘NY, BAFFLE VALVE FLANGE LINE) 
JAR P o METAL SPECIMEN x, PHILIPS VACUUM GAUGE HEAD 
H GAS HOLDER O STAND FOR SPECIMEN x PIRANI VACUUM GAUGE HEAD 
I TEMPERATURE INDICATOR (MILLIVOLT P DEMOUNTABLE BELL JAR y O!L DIFFUSION PUMP SHOWING WATER 
METER) Pp FIXED CHAMBER BETWEEN BELL JAR P COOLING COILS 
J R.F. WORK COIL AND BAFFLE VALVE Q z ROTAMETER TYPE OF FLOW METER 


(supplied via the diluent gas system), and thereafter to 
remove the decomposition products and residual carbony! 
vapour at a suitable rate to maintain the desired pressure 
within the vessel. The high vacuum system incorporated 
conventional means to produce high vacuum in the 
plating vessel, and was designed so as to be isolated 
during plating operations 

The plating vessel served as a suitable enclosure for 
the specimen (O,) during the operations of vacuum 
outgassing and plating. The Pyrex glass bell jar (?,). 
a component part of the plating vessel, was demountable 
so that specimens could be readily introduced and 
removed, Specimens were heated in the bell jar during 
outgassing and plating operations by means of a work 
coil (J) connected to a high frequency induction heating 
generator (see Fig. 1). The specimens were supported 
centrally on a stand (O,) which incorporated thermo- 
couple elements for temperature measurement. The 
thermocouple leads were conducted through the vacuum 
wall to the millivoltmeter (/) by means of the vacuum. 
tight ceramic insulated electrodes (L,L,). 

High vacuum was produced by means of an oil diffusion 
pump (}¥) backed by the rotary oil pump (VV). A 
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Philips cold cathode ionisation gauge (X,) indicated 
approximately the degree of high vacuum obtained. 
whilst backing pressures were recorded on a Pirani 
gauge (.X,) after appropriate adjustment of the vacuum 
valves (S,..S,). The baffle valve (R) and valve (S,) were 
closed during plating, to isolate the high vacuum system 
from the vapour system. 

The nickel carbonyl container (4,), referred to in a 
recent British patent.® was constructed of Perspex and 
held up to one pint of liquid. The container was 
immersed in melting ice in the Dewar flask (4,) to obtain 
a source of vapour at constant pressure (indicated by the 
gauge (1),)). Condensation of the vapour in the equip- 
ment was thus avoided, since the vapour pressure of the 
carbonyl at ice temperature was substantially lower, 
i.e., 130 mm., or between half and one-third of that at 
room temperature. The flow rate of vapour was con- 
trolled by needle valves (£2, and F,), and measured in 
terms of the pressure difference across the ends of a 
capillary tube in the line. A bellows-actuated differential 
pressure optical manometer (8,) was employed for this 
purpose. 

Diluent gas, when required, was fed into the vapour 
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line beyond £, from a gas holder (7) designed to operate 
at a slight but constant over-pressure. Reagents for 
purifving the diluent gas were placed on the tray (F) 
provided in the holder (7): the rate of flow was con- 
trolled by means of the needle valve (£,) and recorded 
on a rotameter (Z). Vapour, with or without diluent 
gas, was delivered to the plating vessel, or alternatively 
allowed to flow through the by-pass valve (S,). A system 
of valves (S.—S),) was incorporated in the vapour line to 
provide a convenient means for reversing the vapour flow 
within the plating vessel. One of the two vapour lines 
communicating with the plating vessel was connected as 
shown to the fixed chamber (7): the other line was 
connected to the fixed flange (.V,). Communication with 
the bell jar was achieved via a demountable adaptor 
flange (.V), the bell jar flange (.V,), and bell jar delivery 
tube (4). To provide this continuous passage for the 
vapour, special vapour channels were cut circumferen- 
tially in all three flanges between the concentric “O" grin 
sealing grooves. The slight disadvantage of the some- 
what devious system of communication was fully justified 
by the advantage of being able to accommodate bell jars 
in a wide range of diameters on the equipment by 
merely changing the adaptor flange. Approximate 
pressures in the bell jar during plating were recorded by 
dial vacuum gauges 0-10 mm., 0-100 mm.) 
which were of the sealed capsule type. 

Residual gases and vapours were pumped from the 
bell jar by the chemists type rotary oil vacuum pump 
(W). This pump. which fitted with means for 
adjusting the flow of oil to the rotary vanes of the pump. 
served to maintain full pumping efficiency in the event 
of nickel carbonyl passing the hot trap (A). The hot 
trap was of glass and metal construction. and it was 
heated by electrothermal tape to decompose residual 
nickel carbonyl vapour withdrawn from the plating 
vessel. When high plating pressures were desired at low 
vapour flow rates, the valve (S,.) was closed and the 
pumping speed reduced to the required amount by 
appropriate adjustment of the needle valve (2). 

Il. CONDITIONS EMPLOYED 

The specimens used for plating tests were mostly flat- 
ended cylinders, 0-5 in. in length and mostly I in. in 
diameter ; a few larger cylinders 3 in. in diameter by 
0-5 in. in length were employed in experimental plating 
for porosity testing. The specimens were supported on 
the thermocouple stand with the flat ends held horizon- 
tally. For small specimens the thermocouple elements 
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(Chromel, Constantan or Alumel) were tapered to a fine 
point. The cylindrical glass bell jars employed were 
2-5 in. in diameter and 12 in. in height, and 7 in. in 
diameter and about 16 in. in height. The specimens 
were supported centrally in the bell jar at somewhat less 
than half its height. 

Specimens were vapour degreased in benzene, lightly 
etched in a suitable pickling solution, rinsed in distilled 
water, then absolute alcohol, dried and transferred to 
the equipment, and heated to 400°C. for one hour at 
0-1 ye to remove gases adsorbed at the surface. Some 
metals were given additional pretreatments to promote 
adhesion of the coating, e.g., brass and aluminium, and 
details of these treatments are given in Section LV.4. 
When it was desired to deposit a nickel film to be 
subsequently stripped for examination —particularly for 
ductility. testing —stainless steel or chromium plated 
specimens were used and the outgassing treatment 
omitted. 

Unless otherwise stated, observations relate to plating 
experiments carried out with the smaller specimens and 
bell jar at the following conditions of plating : 

Femperature ¢ 
Pressure (in the plating vessel): 1 to 
Rate of flow of carbonyl vapour equivalent to L-0—1-5 g. of 

nickel per hour 
Direction of vapour flow 


- mm 


downward 

With specimens 3 in. in diameter, the bell jar of 7 in 
diameter was employed. The plating conditions were 
normally the same except that the rate of flow of 
carbonyl vapour was increased to the equivalent of 
about 3g. of nickel per hour. 


IV. OBSERVATIONS AND RESULTS 
Main Variables Influencing the Deposition 
Process 


IV.1.1. TEMPERATURE OF SPECIMEN 

Nickel was deposited as a coherent coating on a 
specimen whose temperature Was as low as 1007 
Efficiency of deposition at this temperature was very 
low, but at 150° C. it had risen to about 50°... Efficiency 
of deposition is expressed as the ratio of the weight of 
nickel deposited to the weight of nickel passed over the 
specimen in the form of nickel carbonyl (Fig. 3). With 
a specimen temperature of 150° C. the coating was nearly 
black in colour, appeared granular or powdery in texture, 
and was rather brittle. At plating temperatures between 
180° and 200° C., the colour of the coating was grey to 
light grey, becoming progressively lighter in shade with 
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WEIGMT (GRAMS) OF NICKEL PASSED THROUGH THE PLATING VESSEL PER. HOUR IN THE FORM OF NICKEL CARBONYL. 


Fig. 4. Rate of vapour flow versus rate 


Weight ot Efi 
Nickel Passed Deposited ew 
(g.) (g.) 

0 48 0 45 94 
0-75 0 66 88 
0.93 0 83 89 
1-31 1 05 80 
1-72 1-30 76 
2.44 1-72 70 
4 65 2:77 59 
increase in temperature. At 200°C. the deposition 


efficiency rose to 85°,,, and a considerable improvement 
in texture and ductility of the coating was observed. 
At 250° C., matt coatings were white in colour, and black 
powdery deposits resembling soot were usually prominent 
on the walls of the bell jar near the specimen. This 
powder was identified as being mainly nickel (or its 
oxide resulting from exposure to the atmosphere) and it 
was pyrophoric. The amount of black powder formed 
increased only slowly at this temperature (250° C.). On 
increasing the temperature progressively, however, the 
rate of formation of the black powder increased more 
rapidly, and in a short time sufficient had accumulated 
to obscure the specimen from view. Higher pressures 
and rates of flow of vapour favoured the release of black 
powder in the form of flakes which could be seen swirling 
around in the bell jar. This occurred particularly when 
the vapour was admitted in bursts, and when the plating 
was carried out in larger bell jars. Under these condi- 
tions black threads sometimes appeared, attached to the 
walls of the bell jar and stand. Ultimately a temperature 
was reached where plating had to be stopped because 
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of deposition and efficiency at 200 C., and 
a total pressure of 1 2mm. Hg. 


there was a risk of the bell jar cracking as a result of the 
heating in the R.F. field of a bright silvery film of nickel 
on the inside of the bell jar. On one or two occasions 
when using the large bell jar, the specimen appeared to 
be surrounded by a grey cloud which was almost motion- 
less despite the continuous flow of gas. Whisker-like 
growths, up to 4 in. in length, and tree-like growths have 
occasionally appeared on the plating specimens under 
conditions where black powder formation was severe. 

Above 200°C. there was little or no increase in 
deposition efficiency, and at 220° to 230° C., efficiency 
hegan to decrease quite rapidly (see Fig. 3). Using the 
large bell jar and specimens described in Section IIT, 
black powder formation was observed to take place at 
temperatures as low as 200°C. At deposition tempera- 
tures of below 200°C., the coatings obtained were 
frequently observed to have a loose dendritic fissured 
type of microstructure (see Section 1V.6.2.). Long 
dendrites and fissures were often numerous and_ pro- 
nounced at 150° C., but were less so at higher deposition 
temperatures, and at 200°C. were only occasionally 
discernible. 
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Carbon was found in all coatings tested. The amount 
at 200°C. was of the order of 0-05°,. but rose with 


increasing temperature to 0-°3°,, at 270° C. 


The rate of flow of nickel carbonyl vapour or mass 
velocity, expressed as grams of nickel (equivalent) per 
hour, was the main factor determining the rate of 
deposition. The weight of nickel deposited, however, 
did not vary in strict proportion to the flow rate, because 
of the variation in efticiency of deposition with flow rate 
The efficiency of deposition varied with the flow rate 
according to the curve shown in Fig. 4; at the higher 
flow rates the curve approached a straight line. At very 
low rates of flow (<0-5 g. of nickel per hour) deposition 
efficiency approached 100°,. At high rates of flow 
(>5g. of nickel per hour) deposition efficiency approached 
30°, and was accompanied by black powder formation. 

At high rates of flow coatings were less satisfactory in 
appearance, but on the whole the quality, although 
inferior, was not unacceptable. Within the range of 
flow rates of 0-5-1-5 g. of nickel per hour, coating quality 
appeared to be maintained, but there was an increased 
tendency towards black powder formation at the higher 
flow rate. 

Reversing the direction of flow from downward to 
upward frequently appeared to cause changes in appear- 
ance of the coating, the texture becoming coarser with a 
tendency towards the development of a fissured type of 
structure (Section IV.6.2.). In experiments employing 
the larger size of specimen and the large bell jar, the 
tendency towards black powder formation was also less 
with upward flow than with downward flow. 


IV.1.3. 


Rate OF FLow oF NICKEL CARBONYL VAPOUR 


PRESSURE (IN THE BELL JAR) LINEAR 


VELOCITY OF VAPOUR 


AND 


On increasing the pressure above about 2-5 mm. the 
coating usually became darker in colour. This effect was 
usually more apparent when the pressure was increased 
to 5 mm. and above. At 50 mm. pressure coatings were 
also generally rougher in appearance and had a fissured 
dendritic appearance under the microscope. The 
increase in pressure was effected by reducing the pumping 
speed, and consequently the linear velocity of the vapour 
was reduced. At fairly high rates of flow of vapour the 
effect of increasing the pressure (or reducing the linear 
velocity of vapour) was to reduce the tendency towards 
black powder formation, i.e., at a flow rate equivalent to 
5 g. of nickel per hour and a pressure of 0-5 mm., black 
powder formation occurred at a temperature as low as 
200°C. : increasing the pressure to 50 mm. resulted in 
no marked black powder formation until the temperature 
had been raised by more than 50°C, 


Plating experiments were carried out using nickel 
carbonyl! vapour diluted with one or other of the following 
common gases—carbon monoxide, hydrogen, argon, 
nitrogen and oxygen. With the exception of oxygen. 
nickel carbonyl dilution was to the extent of about five 
volumes. 

The deposition efficiency was lowered by diluting the 
vapour with all gases except oxygen, and an increased 
tendency for blackening to occur was observed except 
with carbon monoxide, which had the opposite effect. 
The only visible effect was produced by oxygen intro- 
duced into the bell jar as air. 


COMPOSITION OF PLATING Gas 
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Fig. 5. Exfoliation occurring during plating 

Small amounts of oxvgen of the order of a bad leak 
say 2 em* of air per hour did not appear to have any 
effects on the properties of the plate, although if air were 
introduced into the system near the bell jar, amounts of 
the order of LO em? per hour appeared to cause roughen- 
ine of the deposit Hardness began to increase drastic- 
ally and ductility to fall at fairly well-detined flow rates 
of air, the amount depending upon opportunities for 
mixing. With good mixing the amount of air required 
was between LOO and 200 em® per hour, but with air 
introduced near the bell jar the same effect was observed 
with less than half these amounts. At this stage grain 
structure Was very fine or invisible at moderate magnifi- 
cations. By further increasing the proportion of ai 
extreme hardness and brittleness resulted and a brighten 
ing effect was obtained. The brightening effect was such 
that the normal initial brightening of the deposit could 
be maintained almost indefinitely Further amounts 
resulted in a banded type of structure and, ultimately, 
visible oxidation of the deposit, evident from the 
appearance of characteristic interference colours which 
disappeared as soon as the proportion of oxygen or air 
was reduced again. Embrittlement of the deposit was 
frequently accompanied by stress which caused exfolia 
tion during plating (Fig. 5). It was also noticed that 
the colour and texture of the coating did not change so 
readily when the pressure or temperature was varied 
It was occasionally observed that at large flow rates of 
air, the atmosphere surrounding the specimen became 
foggy. the boundaries being clearly defined and giving 
the appearance of a stationary cloud or halo. This effect 
was not unlike that observed under certain conditions 
when plating at high temperatures, and is noteworthy 
in that the cloud remained stationary within a moving 
stream of vapour: a slight reduction in flow rate was 
usually sufficient to cause it to disperse instantly 

Hydrogen had the opposite effect to oxygen, in that 
coatings obtained were considerably darker in colour 
than usual. In common with other gases used, hydrogen 
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Fig. 6.--Distribution of coating thickness (in. 10°) on 
simple shapes. 
Fig. 7. Composite swarf test 
for adhesion of nickel coating 
to copper base. 1 
Fig. 8. (right) Variations in colour of nickel 
coatings. 
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also had the effect of increasing the tendency towards 
black powder formation in the bell jar during plating. 
This tendency was more marked, however, than with 
the other gases, probably on account of the high thermal 
conductivity of this gas relative to other gases. 

Carbon monoxide had no readily observable effect, but 
it became apparent that its use was beneficial in practice 
under conditions where an undesirable degree of blacken- 
ing was taking place, as for example when plating large 
specimens (see Section LV.1.5.). 

The tendency for fissure development in the coating 
at 200 C. appeared to be prevented by the use of 
carbon monoxide, but only at pressures below 10 mm. 


IV.1.5. Size or SPECIMEN AND BELL JAR 


During the course of the work it was observed that 
black powder formed much more readily when large 
specimens were being plated in the 7 in. diameter bell 
jar than with small specimens in the 2-5 in. diameter 
bell jar. The rate of plating in terms of thickness per 
hour could not be maintained without excessive black 
powder formation at a specimen temperature of 200°C, 
With similar conditions in the small bell jar, a specimen 
temperature of 250° to 300° C. could be employed without 
By reducing vapour flow by two 
without excessive 
hour of 


excessive blackening. 
thirds, plating was possible at 220° C. 
blackening, and the introduction of 5 |. per 
carbon monoxide almost completely eliminated it. 


Distribution of Coating Thickness Over 
Simple Shapes 

Thickness figures illustrating typically the distribution 
obtained by coating specimens of certain simple shapes 
are given in Fig. 6. In some instances the distributions 
obtained with both downward and upward vapour flow 
are shown. The coating normally increased in thickness 
in a direction opposite to the flow of plating vapour, and 
hence a more uniform distribution was obtained by 
employing successively both downward and upward flow. 
A much higher * throw ” was obtained into the bore of 
the hollow eylinder (Fig. 6) than expected, the thickness 
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of the coating in the bore being approximately equal to 
that of the outside for downward flow, and a little less 
than this with upward flow. It is probable that since the 
evlinder was open at both ends convection currents 
carried plating vapour freely through the bore. Preferen- 
tial deposition took place to some extent on prominent 
areas and on sharp edges. but generally this was of a low 
order. Good distribution was obtained blind bores 
by conducting the vapour down a tube terminating close 
to the blind recess. [It was observed that at tempera- 
tures above about 230° C. there was a noticeable deterio- 
ration in “ throw ™ into recesses and a marked tendeney 
tor lccal build up to occur on edges and sharp corners. 


IV.3. Ability to Deposit a Desired Average 
Thickness 

The weight of nickel coating applied toa specimen under 
steady conditions of plating, was determined by the 
amount of nickel carbonyl passed through the plating 
vessel and the efficiency of deposition (Fig. 4). Efficiency 
was predetermined and the amount of nickel carbony! 
required to give the desired coating weight calculated. 
The accuracy to which the desired coating weight was 
obtained depended largely on the closeness of control 
exercised during the plating operations. Under optimum 
conditions the desired weight of coating was achieved 


within 5°. 


IV.4. Adhesion of the Coating to Various 
Metallic Bases 
Coatings were applied to aluminitim, brass, copper. 
lead, magnesium, mild steel and zine. 
The highest degree of adhesion— fairly strong to strong 
was obtained on copper. Attempts to separate an 
isolated portion of the nickel coating from the copper 
often resulted in chips of nickel being detached with 
copper adhering to the outside. Visual evidence of good 
adhesion is illustrated in (Fig. 7), which shows nickel and 
copper coming away as a composite swarf on taking a 
heavy cut from a_ thickly plated copper cylinder. 
Moderate adhesion was obtained on aluminium but not 
always consistently. Treatment in a solution of sodium 
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Fig. 10. Partial transfor- 
mation of coating from bright 

and lustrous to matt. 1 


Fig. 9. (le't) Variation in surface texture of 
nickel coatings. 1 


zincate containing “free” sodium hydroxide, following 
the procedure recommended by Bullough and Gardam? 
for obtaining adherent electrodeposits on aluminium and 
its alloys, resulted in a lesser degree of adhesion bet ween 
the nickel coating and the aluminium base 

On brass, weak to moderate adhesion was obtained 
especially when the temperature had been raised after 
outgassing treatment to permit evaporation of some of the 
zine. On steel, weak adhesion was obtained, but this 
Was greatly increased by post deposition heat treatment 
Coatings obtained on lead and magnesium were rarely 
more than weakly adherent femoval of the visible 
film from lead specimens, by pickling in concentrated 
hydrochloric acid, resulted some improvement in 
adhesion. 


IV.5. Porosity of the Coating 
Porosity was revealed in the carbonyl nickel coatings 
by chemical porosity tests when the coatings were 
below certain thickness. On aluminium eylinders 
machined to a fine finish, no pores were found on the test 


face at a thickness of 0-5 lo? in at slightly less 
than this thickness, isolated pores were revealed, and at 
O25 103 in.. numerous pores were detected, Similar 


results were obtained on steel 


IV.6. Some Physical and Mechanical 
Properties of the Coating 
IV.6.1. APPEARANCE 

Unaided Vision 

At standard conditions of plating (Section IID), 
coatings appeared silvery in colour and mirror bright at 
the commencement of plating, but after attaining a 
certain thickness, usually a few ten thousandths of an 
inch, they assumed a matt appearance and a light 
grevish colour. This change usually commenced at a 
certain area or areas on the film, which gradually increased 
in size as plating continued, until the whole coating was 
uniformly transformed. The coating usually retained 
the same colour for the remainder of the plating period 
At other conditions of temperature, pressure, ete., the 
colour assumed varied from nearly white to almost black 
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Fig. 11. Very coarse. 


Fig. 13. Medium. 


Fig. 12. -Coarse 


11.15. -Surface texture of coatings under dark 


Figs. 
ground illumination. 200 


Fig. -Fine. 

according to the conditions employed (Fig. 8). Excep- 
tionally, coating thicknesses of 2. 10°3 in. and more were 
achieved before the appearance of a matt finish, or in 
contrast matt coatings appeared almost at once, especi- 
ally where high rates of flow were employed. Mirror 
brightness was therefore characteristic of almost all 
deposits formed during the initial stages of plating, and a 
matt finish characteristic of coatings whose thickness was 
upwards of | 103 in. (except those produced in the 
presence of oxygen). The degree of mattness found in 
the coatings varied within the range of a slight haze or 
bloom through matt to a coarse granular or fibrous 


quality ; Fig. 9 shows examples illustrating the varia- 
tions. Matt coatings were readily burnished by lightly 


rubbing with a smooth hard object. 

In Fig. 9 a coating which has incompletely transformed 
on the top right hand side will be seen. Near the 
periphery the coating is still mirror bright whilst the 


Fig. 15. 


Very fine. 


centre portion shows a bloomed finish (an intermediate 
stage between mirror brightness and full matt). A more 
obvious example is reproduced in Fig. 10, where the matt 
portion is near black in contrast to the silvery bright 
areas. 

Defects such as large nodules, and other types of 
growth which could be seen with the unaided vision, were 
only occasionally seen on the thinner coatings (i.e., up to 
2 « 10%in.). Other defects encountered were craters 
and plateaux. Craters are flat local depressions in the 
coating with fairly well detined boundaries resulting from 
failure of the coating to increase in thickness at the same 
rate as surrounding areas, plateaux result from deposi- 
tion in an isolated area at a rate in excess of surrounding 
areas. 


IV 6.1.2. 
At low 


Under Magnification 


magnification 10) small nodules were 
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usually visible which were not noticeable with unaided 
vision. At a higher magnification numerous very small 
nodules, contiguous or isolated, were often seen, which 
were distributed either in patches or uniformly over the 
whole surface. At a magnification of the order of 200 
diameters most coatings over certain” thickness 
appeared more or less rough and nodular in structure. 
The structure varied considerably in degree and _ five 
examples have been selected, covering a fairly wide range 
of roughness seen at a fixed magnification of between 
200) to 250 diameters : very coarse, coarse, medium, fine 


and very fine. Examples of these coatings are given in 
Figs. 11-15. 


(to be continued) 
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Science Museum’s New Iron and Steel Gallery 


FURTHER stage in the modernisation of the 
Science Museum at South Kensington, was marked 
by the recent opening of the new iron and steel 
gallery by Lord Mills, Minister of Power. There has 
always been a display dealing with the iron and steel 
industry, but the existing gallery was inadequate and in 
many respects out of date. The decision to set up the 
new exhibition was taken in 1956, the Bessemer centenery 
vear, when the British Iron and Steel Federation and the 
Science Museum agreed to co-operate in creating a new 
gallery devoted to iron and steel production. The 
transformation has involved an expansion from 2.800 
sq. ft. to 3.500 sq. ft. of floor space and the expenditure 
of something like £60,000. More than 250 exhibits are 
on show, ranging from a slice of mereoric iron to a large 
bladed alloy steel turbine rotor dise, and these have been 
drawn from the museums’ own collection or contributed 
by makers and users of steel and iron and steel plant 
manufacturers. 
The display is arranged historically and, starting at 
one end of the gallery, the first section is devoted to the 
history of ironmaking and features dioramas of 


primitive and early ironmaking and exhibits dealing 
with the manufacture of wrought iron. Opposite to this 


The central feature of this general view of the new gallery 


an early Bessemer converter. 
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is a complementary section on the history of steelmaking 
with examples of pre-Bessemer steels centred round a 
Bessemer converter of 1865, which was obtained from 
the North-West coast. where it fortunately survived the 
industry's insatiable demand for scrap during the war 
and immediate post-war vears : now it will be presented 
for posterity. 

Another major section of the gallery covers modern 
steelmaking, and includes a full scale representation of 
part of an open hearth furnace, as seen from the stage 
a model of a continuous casting plant, and a push-button 
induction melting unit which can be operated every 
thirty seconds to melt the end of a piece of steel wire 
Passing on through the sections depicting the most 
important processes by which steel is worked or shaped 
the final part of the gallery——the steel age-—is reached 


Here, there are exhibits on research and metallurgy, and 
of iron and steel in 


others to illustrate the importance 
the world today. 


is Full size model of part of a steel furnace ; the ladle is 
half-size. 
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Cast Outboard 
Motor 
Crankshafts 


Shell Moulding 
Technique Adopted 


This bird's-eye view of the foundry shows the elaborate ventilating 


and dust collection system. 


NEW foundry, with a 100°, shell mould operation, 
A is believed to be among the most highly mechanized 

shell mould foundries in the United States and the 
first in the outboard industry ; it is designed to produce 
steel crankshafts for outboard motors, and has been 
built for Evinrude Motors at Milwaukee. These shell 
mould castings are now being used instead of forgings at 
a considerable saving, because of the reduction in steel 
required per crankshaft and the elimination of some 
machining operations. The castings are claimed to be 
of more closely controlled metallurgical quality than the 
forgings previously used. The heart of the system is a 
fully automatic Link-Belt four-station shell moulding 
machine which can produce a thin shell of resin- bonded 
sand every 15 seconds, and a shell closing machine which 
seals cope and drag halves of the moulds together. 

The foundry, designed jointly by Evinrude and the 
Link-Belt Company, also includes a fully integrated sand 
preparation system ; active storage for 832 moulds ; an 
overhead trolley pouring conveyor with automatic load- 
ing of backing sand and a moving pouring platform 
synchronized with the pouring conveyor: automatic 
discharge into an oscillating conveyor system; and a 
recirculating system for backing sand. 

Consideration was first given to substituting a cast 
crankshaft for a forging in late 1952. Experimental 
patterns were made in 1953, and sample castings were 
procured from local sources. In 1954, a pilot foundry 
was set up with minimum melting, shell moulding and 
related equipment. During the pilot run there was very 
little mechanization and no automation. The pilot plant 
proved the feasibility of making the crankshafts from 
shell moulded castings and indicated the savings that 
would result. 
the crankshafts were also noted. 

The Link-Belt Company was called in to design the 
foundry in accordance with the Evinrude requirements, 
and to furnish the shell moulding and closing machines 


Improvements in the bearing quality of 


All air in the foundry is replaced every 
three minutes. 


and conveying and elevating equipment. As a result of 
the Evinrude pilot operations, the cold coating method 
was decided upon for coating the sand for the moulds 
with iron oxide and resin, and a completely integrated 
sand preparation system was developed. 


Sand Preparation 

Sereened and dried sand from Portage, Wisconsin, of 
AFS fineness 55-60 is received in covered hopper gondola 
cars on a siding adjacent to the foundry. The sand is 
discharged into a track hopper and carried into the 
building by an ISin. wide belt conveyor under the foundry 
floor, A 10 in. by 6 in. centrifugal discharge bucket 
elevator lifts the sand 53 ft. above the foundry floor and 
discharges it on to a single-deck, semi-enclosed vibrating 
screen. The sand from the vibrating screen is delivered 
to storage by a belt conveyor mounted above a two- 
compartment storage bin. One compartment of the bin 
has a capacity of 100 tons. the other of 50 tons. This 
two-compartment bin is one of several provisions which 
have been made to handle a two-sand system if it should 
be needed in the future. The bottom of the each compart- 
ment is fitted with a measuring hopper which discharges 
a predetermined amount of sand into a muller. 

Resin and iron oxide are delivered from 
hoppers by serew conveyors to automatic scales. A 
rotary vane feeder in turn discharges the resin and iron 
oxide into the muller. An aleohol-water solvent is 
added to the muller for the cold coating of the sand mix. 
This operation is completely automatic and can provide 
2.402.500 Ib. of coated sand mix an hour. Sand is 
discharged from the muller on to a vibrating screen and 
then conveyed pneumatically to a surge hopper at the 
shell moulding machine, which consists of sand-resin 
handling equipment; four pattern frames with built-in 
individual heating elements carried by a turn-table: a 
sand-resin investment station: and drives and controls 
for completely automatic operation. 


storage 
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The shell size is 194 in. x 29% in., and the production 
rate is 120 per hour when operating on a fully automatic 
evele. Cope and drag halves are made simultaneously 
and closed to form a 14} in. © 194 in. mould. At the 
beginning of a eyele, the heated pattern travels 90 
clockwise to the investment station, where it stops and 
a flask is lowered on to the pattern. The flask, which 
is water-jacketed to prevent build-up of mix around the 


outside edges, is invested with a measured amount of 


resin-coated sand. This material adheres to the pattern, 
and the sand and resin fuse to form a thin plastic shell 

After a predetermined interval, in which the sand and 
resin are bonded to desired shell thickness, the connection 
from the hopper is withdrawn and the pattern and flask 
are rolled over to discharge excess mix. The pattern, 
with its adhering layer of sand and resin, then moves 
clockwise to two successive curing stations. where the 
shell is baked under electric heaters until the desired 
hardness is obtained. 

At the ejector station the finished shell is automatically 
stripped from the pattern. The drag half is placed on a 
flat belt convevor for setting of cores, if necessary, and 
then transferred to the Link- Belt automatic shell closing 
machine, while the cope half is transferred directly from 
the shell moulding machine to the closing machine. It is 
set face-to-face upon the drag from the previous cycle 
of the shell mould machine and the two halves are bonded 
together. An air-operated mechanism in the four-station 
shell closing machine holds the two halves together while 
the adhesive sets. Close tolerances between the cope and 
drag halves minimize objectionable fins in the finished 
casting. The shell closing machine is synchronized with 
the shell moulding machine by means of a variable speed 
drive. 


Mould Storage 


When the shell moulds are removed from the closing 
machine, they are placed on a mould storage conveyor 
with capacity for 832 moulds. The moulds are stored 
upside-down in 52° cars,” 16 moulds to a car. When a 
car is filled with moulds, it is elevated automatically to 
either of two storage tiers. The car is pushed off the 
elevator by a pneumatic device, and it rolls by gravity 
towards the unloading end of the storage rack. The 
elevator at the loading end then descends to the bottom 
tier, an empty car rolls on to it, and the elevator lifts 
the car to the loading position. At the unloading end. 
another elevator moves up to a pre-selected storage tier, 
a car rolls on to it, the elevator lowers the car to working 
level, and the moulds are inspected and transferred to 
the pouring elevator. After each car is emptied, the 
elevator lowers it to the return level. 
and down to the loading end by gravity and the elevator 
moves up to receive another full car. 

The conveyor on which the moulds are poured is an 
overhead trolley conveyor, 152 ft. long with 57 hinged 
trays 20 in. wide and 24 in. long on 32 in. centres. 
Before the moulds are set in the trays, the trays are 
filled with about 1} in. of backing sand to support the 
moulds during pouring. The sand is applied automatic- 
ally by a Syntron vibratory feeder which is actuated by 
limit switches which permit only empty trays to receive 
sand. The overhead trolley conveyor carries the moulds 
past the pouring platform, which is synchronized with 
the speed of the mould conveyor. 

The poured moulds are carried by the overhead 
conveyor to either of two pre-selected shake-out stations 
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The car rolls off 


Trays are automatically tripped, discharging the castings, 
mould remnants and sand into a 36 in. wide oscillating 
conveyor into which backing sand from a second Syntron 
vibratory feeder has been discharged. The castings 
sprues and sand travel over three successive oscillating 
convevors D3 ft 16 ft... and 60 ft. long respective ly 
The three conveyors, each inclined 2, 
sand and sprues at a rate of 10 ft. min 

The third conveyor has an 8 ft. screening section with 
2-in. diameter openings for screening off the backing sand 
This sand is 


carry Castings 


and finer particles of mould and core sand 
conveyed on a lower trough of the conveyor and then 
elevated to a belt conveyor discharging to a 20 ton bin 
for backing sand. The sand is thus continually re- 
circulated 

Castings, sprues and the larger pieces of mould and 
core sand continue to the end of the oscillating conveyor 
where the last 21 ft. serve as a picking table. A divider 
channels all material to the left side of the trough, and 
an operator manually throws the castings and sprues 


over the divider to the right side of the trough. They 
discharge over the end into a wire basket for further 


cooling. The refuse sand drops off the end of the conveyor 
into a tote box 

A high-speed friction cutting band saw is used to cut 
up sprue and remove the castings from the gating system 
The castings are shot blasted and then loaded into alloy 
trays for a normalize and draw operation. Sprue is also 
shot blasted and then returned to the charge make-up 
A very extensive system of ventilation and dust 
Two wet-type and three dry- 


area. 
control has been installed 
tvpe dust collectors are used in addition to eleven 
ventilating fans. The entire foundry air is turned over 
every three minutes 

The foundry is operated by a staff of twenty men 
Four are stationed at the shell moulding and closing 
machines, one at the storage conveyor for loading the 
moulds onto the trays of the overhead conveyor, five at 
melting and pouring, and one at the discharge end of the 
oscillating conveyor. Additional workers are stationed 
at the muller, machine, Wheelabrator, cut-off 
machines, heat treatment plant and grinders 


core 


Correction 
ALUMINIUM IN BUILDING 
WeE regret that in the article on The Progress of 


Aluminium as a Building Material.” which appeared in 
our February issue, the statement was made that in 
no European country has the percentage used in building 
vet reached 10°, of total output. There is, however, one 
notable exception, in that this percentage 
exceeded in Switzerland by a very considerable margin 


the most recent estimate being 22",,. 


has been 


Welding Machine Replacement 
scheme for replacing 


Quasi-arc have introduced a 
Self-propelled Fusare 


automatic welding machines 
and Fusare CO, machines, extensively used in the ship- 
building and engineering industries, can now be returned 
within nine years of their purchase, and a fully re- 
conditioned machine will immediately be delivered from 
stock. The re-conditioned machines will all be of the 
latest Mark III type and will carry the company’s 
normal 12-month guarantee. The price is fixed regard 
less of the conditions of the returned machine, provided 
it is complete, but will depend on age and type. 


High Temperature Carburising 
By H. N. Ipsen 


President, Lpsen Industries, Inc., Rockford, Illinois, U.S.A. 


The results of an investigation on the high temperature carburising of a series of US, steels, 

imeluding plain carbon, nickel-molybdenum and nickel-chrominm-molybdenum types, 

indicate that a satisfactory grain structure can be achieved, particularly where a reheat 

hardening operation is used, Potentenial savings in time and cost are quite substantial, 

hut control of temperature and atmosphere potential become more critical with accelerated 
carbon penetration, 


HE Second World Metallurgical Congress, held 

recently in Chicago, revealed European success in 

the application of carburising at temperatures 
considerably higher than are common in’ American 
practice. To those familiar with standard gas-carburis- 
ing practice, the proportionate increase of carbon 
penetration with increase in temperature is well-known. 
However, concensus of opinion indicated that excessive 
grain growth, and the related effect on physical proper- 
ties and dimensional stability, limited the temperature 
of carburising to the range of 1,700-1.750° F. (927 
954 ©.). Furthermore, the foreshortened life of heat- 
resisting alloy furnace parts at elevated temperatures 
mitigates against high temperature carburising from an 
economic viewpoint. 


Steel and Furnace Requirements 

Obviously, the furnace manufacturer takes a keen 
interest in any new heating or heat treating development, 
and the trend towards processing at elevated tempera- 
tures has created active interest in the basic problems 
involved. The heat resistance of materials of construc- 
tion, as well as their resistance to the effects of chemical 
attack, has been given close consideration with regard to 
furnace usage. Therefore. a successful investigation of 
high temperature carburising must be dependent upon 
two factors. First, there must be commercially available 
standard steels of analysis suitable for carburisation at 
elevated temperatures, without excessive grain growth. 
Second, there must be available practical gas carburising 
furnaces capable of operating at elevated temperatures 
and under exaggerated conditions of enriched endo- 
thermic atmospheres 

Consideration of the first factor reveals that steel 
suppliers believe many of our present carburising grade 
steels are, within certain limitations, suitable for treat- 
ments at higher-than-normal temperatures. In the light 
of present available information, general acceptance of 
vas carburising at abnormally high temperatures is 
unlikely. Dimensional limits and physical requirements 
of the part thus carburised may be too critical. However, 
hased on investigation and evaluation of each individual 
part. it is probable that many will be found adaptable 
to this new technique. The savings in production cost 
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Fig. 1. Curves showing the carbon content at various 
depths below the surface of samples of C 1117 steel car- 
burised for two hours at the temperatures indicated. 


and time for such parts will certainly warrant the 
required preliminary investigation. 

With a long record of significant developments in high 
temperature carburising and carbonitriding furnaces, 
Ipsen Industries, Inc., of Rockford, Hlinois, has for some 
time built small furnaces suitable for gas carburising at 
temperatures up to 2.0007 F. (1,093°C.). The adapta- 
tion of the same materials and non-metallic parts to 
furnaces of larger size and productive capacity was a 
natural step, and, consequently, the present furnaces of 
Ipsen manufacture are suitable for gas carburising at 
elevated temperatures, without major change. 

The major contribution to this furnace construction 
has been the replacement of failure-prone metal alloy 
furnace parts with similar parts of high density refrac- 
tory materials. Such parts are currently used in such 
critical components as hearth and hearth support 
members, radiant heat transfer tubes, conveyor rollers 
for both roller-rail and roller-hearth applications, 
directional flow baffles, and even high speed forced 
circulation fan equipment. Such parts have been 
evaluated over the past several years, in actual field 
operation, under various types of atmospheres and 
applications, at operating temperatures from 14007 F. 
(760° C.) to well in excess of 2.0007 F. (1,093° C.). The 


PABLE 1I—PARTICULARS OF STEELS USED FOR CARBU RISING TESTS 


Mn 
AISI 4615 Nickel-Molybdenun 0-16 
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Fig. 2. AISI 1117 steel. Fig. 3. -AISI 4615 steel. 


Fig. 4. AISI 8620 steel. Fig. 5. AISI 9315 steel. 


Figs. 2.5. Total case depths for the four steels after carburising for 1 3 hours at the temperatures indicated. The 
key is the same for each set of curves. 


incident of a new carburising concept at higher tempera- 
tures is, therefore, substantially pre-solved in so far as 
furnace materials are concerned. 


Details of Tests 

After considerable study of the available reports from 
Europe, a preliminary investigation was planned and 
conducted by Ipsen Industries, Inc., to determine the 
feasibility. of the elevated temperature carburising 
process, and to investigate the effects of temperature and 
carbonaceous atmosphere on the furnace involved. 
Based on existing design, 2.0007 (1,093°> was 
selected as a maximum furnace temperature for the 
initial investigation, with parallel tests performed at 
1.700, 1.800 and 1.900° F. (927, 982 and 1,038 C.) for 
comparison. Holding times at each temperature were 
set at 1, 2 and 3 hours, followed by atmosphere cooling. 
The possible quench reactions following reheating were 
studied in subsequent investigations. The tests were 
conducted with four commercial grades of steel, particu- 
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Fig. 6. -Microstructure of AISI 8620 steel prior to high 
temperature carburising. Etched 2”, nital. 100 
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lars of which are set out in Table I. 

Tests on these steels were carried out in a standard 
yas-fired Ipsen Model TC-100-G furnace, capable of 
operation at temperatures up to 2,000 F. (1,093° C.). 
with enriched endothermic atmospheres used in’ both 
heating and cooling chambers. Complete forced convec- 
tion heating of parts was carried out by means of a newly 
developed ceramic fan. Standard controlled dewpoint 
tvpe endothermic generator equipment provided a 
suitable atmosphere. 

Test bars of the four steels investigated were cut into 
lengths of 3-34 in., and rough ground to 0-475 in 
0-003 in. to remove possible surface decarburisation 
The diameter and length of each part was then recorded 
and the part stamped for identification. The selected 


furnace was loaded with the four grades of test bar, 
interspersed among properly identified new bars of 
CIOLS steel, 3-{§ in. in diameter by 3-64 in. in length 


Twelve such loads were prepared in standard baskets to 
approximate an individual gross weight of 35 Ib. 


Fig. 7. Microstructure of the core of a 0-5 in. diameter 
bar of AISI 8620 steel after carburising for three hours at 


2,000 F. (1,093 C.) and atmosphere cooling. Etched 
nital. 100 
177 
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Fig. 8. -1,700 F. Fig. 9._-1,800 F. Fig. 10. -1,900 F. Fig. 11. 2,000 F. 
(927° C.). (982 C.). (1,038 C.). (1,093 C.). 


Figs. 8 11. -Microstructures of AISI 1117 steel after carburising for two hours at the temperatures indicated and 
atmosphere cooling. Etched 2", nital. 75 


Fig. 12. -AISI 1117 steel. Fig. 13. -AISI 4615 steel. Fig. 14. -AISI 8620 steel. Fig. 15. -AISI 9315 steel. 
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Figs. 12 15. Microstructures of the four steels after carburising for three hours at 1,900 F. (1,038 C.) and atmosphere 
cooling. Etched 2°, nital. 100 
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Atmosphere from the generator resulted in typical 


analyses approximating : 


co,—o% H,—ti-2 
oO, 0 CH, 5 
Automatic air-gas ratio control at the generator 


(1-67°C.) for 1,700° F. 


provided dewpoints of 35° F. 
3°-9°C.) for 


(927° C.) furnace operation: 25° F. 

1.800° (982°C.); 20°F. 6-67°C.) for 1,900° F. 
(1,088°C.): and 16°F. 9-44°C.) for 2.0007 F. 
(1,093°C.). Additive raw natural gas to achieve the 
lower dewpoints required for the elevated temperatures 
of furnace operation was thus held to a minimum, and 
controlled through an [psen Dewtronik. Atmosphere 
usage amounted to 200 cu. ft. hr.. and the raw 
additive varied from 5 to approximately 15 cu. ft. hr. 
Dewpoints and recovery times were itemised as follows : 


vas 


ry Time min. 14 mit 20 mir 
nace listo F. ito l2 Sto lo 
dito 12-75 to ( te ( 1d to 
t I 21 3 2 2) 
(Dewpoints checked by Dewtronik, Alnor and Vis OO, Cup t wd interpol i 
from published curves to conform to a potential of “or 
temperatures investigated), 


After treatment. individual parts were remeasured to 
check dimensional growth, and microspecimens prepared 
for the determination of average total case depth, based 
on different locations on each sample. ~ Total Case” 
was considered to be that depth at which case carbon 
and core carbon coincided. The samples treated for 2 
hours were further subjected to successive surface cuts 
of 0-O10 in., the chips were analysed for carbon content, 
and results plotted in Fig. 1. 


Results 
The investigation of dimensional growth resulting from 
higher temperatures indicated relatively no change nor 


Fig. 16. Microstructure of the core of a 0:5 in. diameter 
bar of AISI 8620 steel after carburising for three hours at 
2,000 F. (1,093 C.), atmosphere cooling, reheating to 
1,500 F. (815 C.) and oil quenching. Etched 2°, nital. 

100 


trend relative to type of material or temperature of 


processing. Other data, including case depth ¢ time at 


temperature is reproduced in’ Figs. 2 (AIST 1117) 
3 (AIST 4165), 4 (AIST 8620), and 5 (AIST 9315). 

Grain growth was determined in accordance with 
ASTM E-19 with the results set out in Table Il. Fig. 6 


‘ois 


is AISI] 8620 steel prior to carburising. and Fig 


AISI 8620 core after carburising for 3 hours at 
2.0007 F. (1.093° C.) showing the extreme growth of grain 


from ASTM No. 8 to ASTM No. 3-6 Duplex 
Photomicrographs of the cases of AIST 1117 steel 
subjected to the four carburising temperatures are shown 
in Figs. 8, 9, lO. and Il. These are typical of the other 
cases, Photomicrographs showing the cases of the four 


steels (AIST 4615, 8620, and 9315) after 


Fig. 17. AISI 1117 steel. Fig. 18. AISI 4615 steel. 


20. -AISI 9315 steel. 


Fig. 19. 8620 steel. Fig. 


Figs. 17 20 Microstructures of the four steels after carburising for three hours at 1,900 F. (1,038 C.), atmosphere 


cooling, reheating to 1,500 F. (815 C.) and oil quenching. 
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Etched 2”, nital. 100 
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TABLE If OF CARBURISING 
steel Designation Carburising Time 
Before Carburising 1.700 
(927° 
AISI 1117 6 
4615 
AISI] 7 
AISI 
Als? 1117 ! 4 
AIS] 4615 
AIS] 7 


carburising at 1,900 (1,038 C.) for 3 hour eyeles are 
shown in Figs. 12, 13, 14, and 15. These again are typical 
of other temperatures. 

The | and 3 hour cycle samples were reheated in an 
Ipsen T-4-600B-GM furnace and held at 15007 
(815° C.) for hour in a controlled furnace atmosphere 
having 30° C.) dewpoint. Samples were then 
quenched in 150° (65° C.) Ipsen Double Duty Oil. 
The parts were examined microscopically to determine 
the degree of refinement of the grain size of the cases and 
cores. Fig. 16, as compared with Fig. 7, shows the 
results of refinement of the very coarse 8620 that had 
heen carburised at 2,000° F. (1,093°C.). The AIST 1117 
showed a similar refinement, but with AIST 9315 and 
AIST 4615 steels there was no appreciable change. 


Conclusions 


This preliminary investigation would indicate that 


Annealing Furnaces for Argentina 


DeELIVERY began recently of more than half a million 
pounds’ worth of annealing equipment for the new 


steelworks of Sociedad Mixta Siderurgia Argentina 
(SOMISA) at San Nicolas, near Rosario, Argentina. 


All the furnaces for the annealing shop, which is over 
300 ft. long and 100 ft. wide, are being supplied by the 
Incandescent Heat Co., Ltd., as packaged units, com- 
pletely assembled in England and shipped ready for 
operation in Argentina. The plant will anneal more than 
300.000 tons of steel a year. The complete order will 
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Part of the first shipment at the dockside. 


PEMPERATURE ON GRAIN GROWTH. 
(irain Size 


burising ‘Temperature 


1.9007 F 2 
6--7 +6 Duplex 3-5 Duplex 
78 
7 4-7 Duplex 4-6 Duplex 
4-7 Duplex 4-7 Duplex }-6 Duplex 
6-7 
3-6 Duplex 


upon the steels tested, elevated temperature carburising 
with retention of satisfactory grain structure is practic- 
able, especially where reheat hardening is employed. 

Comparison of cost of operation and initial investment 
in process equipment for conventional 1.7507 F. (954° C.) 
2.000° F. (1,093° C.) earburising indicates that more 
rapid heating and penetration at the higher temperature 
can substantially reduce the size of furnace equipment 
required for a given hourly production, all other cireum- 
stances being equal. 

Control of atmosphere potential becomes more critical 
at elevated temperatures, and indicates the need for 
automatic dewpoint control at furnace well as 
generator. 

Control of temperature uniformity also becomes more 
critical in the elevated temperature ranges, since 
accelerated carbon penetration exaggerates discrepancies 
of temperature differences in the equipment. 


as 


pass through Newport Docks, and will be shipped by 
the middle of this year. 
Forging Press Order 

(nN order worth over £100,000 has been placed with 
Davy and United Engineering Co., Ltd., by Brown Bayley 
Steels, Ltd., for a 1,500 tons hydraulic forging press. 
The press will be of the single-cylinder four-column type 
and will be complete with hydraulic tool changing gear. 
There are two particular points of interest in its design. 
It will be operated from a direct oil pump drive of the 
Towler Electraulic type : this will be the first application 
in Britain of this type of drive to a forging press of such a 
size, although it has already been applied successfully 
to a number of installations abroad. Also the press will 
be one of the first to be equipped with automatic position 
control. In addition to other operational advantages, 
this system enables the movement of the press cross- 
head to be automatically stopped at any pre-set point 
on the downwards or upwards stroke, without any 
necessity for corresponding action on the part of the 
press operator. The press will be installed in the Leeds 
Road Works, Sheftield, of Brown Bayley’s and is due for 
delivery in December 1959. It will be built in the Glasgow 
Works of Davy-United. 


Gas Carburising Furnace Order 
Aw order has been received by Wild Barfield Electric 
Furnaces, Ltd., of Watford, from the well-known loco- 
motive building firm in Leeds, the Hunslet Engine Co., 
Ltd., for a large gas carburising furnace 48 in. diameter 
by 54 in. deep operating on the Carbodrip drip feed 
system. 
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Flame-Hardening 
Excavator Parts 


Oxy-Town-Gas 
Equipment at 


Ruston-Bucyrus 


T the Ruston-Bueyvrus Works at Lincoln. produc- 
A tion is concentrated mainly on excavators, 

although some water well drills are also made by 
the company. Ina full vear, some 14,000 units can be 
turned out in sizes ranging from 3 cu. yd. capacity 
(weighing 10 tons and costing less than £4,000) to 6-7 
cu. vd. capacity (weighing over 200 tons and costing 
more than £80,000). 
2.400, the total weight of production amounts to 40.000 
tons a vear. 

Ruston- Bucyrus excavators are exported to every 
corner of the world, quite apart from their extensive use 
in this country, and in view of the fact that there are six 
major makers in this country, about forty in the United 
States, and some in most countries, competition is very 


severe. To ensure an adequate share in world markets, 


Type BKG machine for flame-hardening the bores, lugs and roller path 


of excavator track links. 


April, 


With a payroll in the region of 


Flame-hardening a gear by the spinning method. 


the design must be good and the machine must be well- 
made. To this end the company has spent, during the 
last ten vears, £3? million on buildings, plant, machinery, 
and equipment, and today claims to have the best works 
of its type in the world, 

Many of the important working parts of excavators 
are subjected to considerable wear by abrasion. dust 
and mud accounting for much of this trouble. It is 
therefore, essential that these components have hard, 
tough wearing surfaces. It is only these surfaces which 
needed to be hardened, and the core material is left in 
its normal condition. To meet this need, the company 
recently acquired a number of special-purpose oxy-town 
yas flame-hardening machines, designed and built by the 
firm of Paul Ferd. Peddinghaus of Gevelsberg, Western 
Germany. The oxy-town gas flame-hardening method 
gives easy control and enables a deep case 
to be obtained : it has been found by expe- 
rience to be both efficient and economic 
in operation, 


Track Link Hardening 


One of the components which has to 
work under the worst possible conditions 
is. of course, the track link. The wearing 
parts are the four holes which bear on the 
track pin; two heavy lugs which take up 
the drive from the sprocket: and the 
roller path which runs on the trailer 
wheels. To design a machine which would 
automatically harden each link uniformly 
and consistently was quite problem 
especially in view of the awkward shape 
and considerable weight of the component 
The Peddinghaus concern undertook the 
task and the resulting machine is believed 
to be the largest flame-hardening unit in 
the world. 

The machine comprises a heavy con 
veyor having eight stations, specially 
designed burners and quenching equip- 
ment, and units for controlling the flame 
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Machine for flame-hardening gears by the spinning method. 


so that reproducible hardening is achieved. At the first. 
or loading, station, the link is accurately positioned by 
means of three adjustable supports. The setting of these 
supports is most important, as it affects all subsequent 


operations. This is particularly true of the hardening of 


the bearing holes, when the burner must be accurately 
centred. The second station is an idle station, in order 
to allow space for later operations. The third station is 
that at which the bores of the four bearing holes at each 
end of the link are simultaneously hardened by means 
of the progressive method. The four burners are 
situated two on each side of the machine, and each 
hardens two The burners and quenches are 
pneumatically moved inwards to the further end of the 
bores, and then retracted at the correct speed to give the 
required depth of hardening, the burner and quench unit 
being integral. 

At the fifth station, which follows 
another idle station, the lugs are hardened 
by means of the spot method, in which the 
whole area to be hardened is heated to 
the correct temperature and then quenched 


be res. 


by sprays. As the track link is moved 
to the correct position, the conveyor 
stops and the specially-shaped —water- 


cooled burners, which are pneumatically 
driven, are moved horizontally to the 
heating position, where they descend over 
the lugs and ignite from a pilot flame. On 
reaching the required temperature they 
are displaced by spray quenches, which 
operate for a pre-determined period. 
Another idle station is 
station seven, where the roller path is 
hardened by the progressive method, the 
quenches being situated just behind the 
burners. The link remains stationary, while 
the burner and quench assembly moves 
over the length to be hardened at the 
correct speed to ensure the desired depth 
The speed can be varied infinitely by means 


followed by 
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of a PIV gear box. The eighth and last 
station is the unloading station. 

The floor-to-floor time for each link 

which may weigh from 4 to 7 ewt. 
according to type—is approximately 65 
minutes. Town gas, enriched with oxygen 
in the proportion of 60 cu. ft. of oxygen to 
every 100 cu. ft. of gas, is used for the 
process, and gas and oxygen supplies for 
each set of burners are titted with flow 
meters and pressure gauges, so that a 
method sheet can be made out for each 
tvpe of link to be treated, to ensure 
satisfactory and consistent hardening. The 
various operations are controlled by a 
pre-set programme selector. 


Gear Hardening by Spinning Method 


Ruston-Buevrus have also just installed 
the first machine in the country to flame- 
harden large gears by the spinning method 
The maximum capacity of this model is 
a gear diameter of 40 in. and a_ tooth 
width of 4in.: larger models are obtain- 
able. 

The machine comprises a tank in which the quenching 
oil is contained, at the centre of which a rotatable spindle 
is situated, and on this the gear is supported horizontally 
by means of a suitable adaptor. A number of oxy-town 
vas burners are arranged around the circumference of 
the gear. Two Milliscope automatic temperature con- 
trollers utilising radiation pyrometers are incorpor- 
ated, one set tangeprtially to measure the temperature of 
the tip of the tooth, whilst the other is set radially to pick 
up the temperature at the root of the tooth. The gear is 
rotated between the burners by means of the spindle. 
and when the tips of the teeth reach the hardening 
temperature, the oxygen is automatically reduced by a 
pulsating relay from the first Milliscope so as to prevent 
overheating, thus allowing the remaining part of the 
tooth to reach the pre-set hardening temperature. When 
(Continued on page 


Type LSW machine for flame-hardening the internal gear and roller 
path of truck frames 
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Stress Relieving 
in Situ 
Novel Use of Mineral 
Wool Insulation 


By J. W. Dawson 


NStillite Products. Ltd. 


NE of the difficulties associated with the fabrica- 
tion of large steel pressure vessels has been the 
necessity of relieving the stresses set up by weld- 

ing. Hitherto, this has ruled out the possibility of site 
fabrication, which may in the case of projects carried 
out on remote sites be highly desirable, owing to the 
problems of transporting bulky and heavy vessels over 
undeveloped country. Even where well developed 
transport facilities exist. they are rarely suitable for very 
bulky vessels. 

A good deal of interest has lately been focused on the 


development of stress relieving techniques in the case of 


large pressure vessels for the Bradwell nuclear power 
station. The most noteworthy feature of this project 

at any rate from the layman's point of view—was the 
method of transporting these vessels to Bradwell in 


Essex from the Teesdale Works at Thornaby-on-Tees of 


the manufacturers, Head Wrightson, Teesdale, Ltd. The 
vessels were, in fact, sealed and launched into the river 
Tees, being subsequently towed by sea to Bradwell—the 
site of the power station being conveniently near to an 
accessible beach. Such favourable conditions may not 
always obtain in the case of other sites selected for 
nuclear power stations. 

The vessels described above were stress relieved by 
covering them with a suitable thickness of mineral wool 
insulation, and applying the heat within the vessels by 
means of electric resistance elements disposed so as to 
give a uniform dissipation. The merits of this method 
of heat treatment are considerable. Compared with the 
conventional technique of placing the pressure shell 
within a suitable furnace—where one of adequate 
capacity exists—this new method practically eliminates 
the very substantial heat capacity of the furnace fabric. 
Large bulky vessels constitute notoriously uneconomic 
furnace charges. A typical and very well constructed 
furnace may require a heat input of 40,000,000 B.Th.U 
to stress relieve a charge of 25 tons. Slightly more than 
11,000,000 B.Th.U. are in this case usefully employed, 
the balance representing the normal losses—flue gases, 
heat capacity of the fabric and surface heat losses. 
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w of Head Wrightson, Trewdale, Lid 
A pressure vessel clad with Stillite mineral wool insulation, and equipped 
with internal electric heaters for stress relieving. 


A specially distinctive feature of stress relieving is the 
short duration of the operation compared with the time 
required for the flow of heat through the furnace fabric 
to reach equilibrium. In the case of a furnace built. for 
example, with side walls consisting of % in. of high 
temperature insulating firebrick, some SO to LOO hours 
may elapse after working temperature has been reached 
before the walls are saturated and steady heat flow is 
The entire operating evele could well be 
completed—from lighting up to final cooling down — in 
IS hours. and from this it is clear that the minimum 
requirements, so far as mechanical stability of such a 
furnace are concerned, are grossly over-adequate from 
the thermal and metallurgical viewpoint. It is, of course, 
true that a furnace designed for stress relieving will 
usually also serve for normalising, though even here the 
method of in situ heat treatment is quite feasible as will 


established 


be shown 

The im method of treatment 
consists of covering the vessel with mineral wool pre- 
formed semi-rigid slab and or wire mesh covered mat- 
tress of the same materials. These slabs or mattresses 
are held in position by means of spot welded pins which 
project from the surface of the vessel through the 
insulation and engage an outer covering of wire mesh 
The ends of the pins are turned down to retain the mesh 
in position. The insulation is thus sandwiched between 
the outer surface of the vessel and the wire mesh 

The thickness of insulation required depends to a large 
extent on the available supply of energy. If this is 
adequate to raise the vessel to working temperature in, 
say, 20-30 hours, advantage can be taken of the time-lag 
in establishing thermal equilibrium in the insulation as 
described above. Suppose, for example, that it) were 
decided to provide insulation which would allow a heat 
loss of 100 B.Th.U. sq. ft. hr. at the stress relieving 
temperature (630° C.), calculations, assuming conditions 
of thermal equilibrium, would indicate a thickness of 
about 64 in. of mineral wool. Jf, however, this tempera- 
ture is reached in the short space of time mentioned 
above. the conditions for which the calculation was made 


situ mentioned above 


Ist 


are not established. The indications are that if the 
working temperature can be reached in the period stated. 
4 in. of mineral wool slab will be adequate. <A typical 
large pressure shell, say 14 in. thick, may require an 
energy supply of approximately 0-2 kW. sq. ft. of 
superficial area: this is equivalent to a heat input of 
about 680 B.Th.U./sq. ft. hr. The 4 in. of insulation 
considered would permit a heat loss of approximately 
200 B.Th.U. sq. ft./hr. at the relevant temperature, and, 
of course, under conditions of thermal equilibrium. It 
may be said, therefore, as a very rough guide, that assum- 
ing the energy input is adequate for the rate of tempera- 
ture rise, the insulation calculated at equilibrium should 
not pass more than 30°, of the total heat input for the 
entire operating cycle. Clearly, it is an advantage for 
the insulation to be of the minimum possible thickness, 
not only from the view point of economy of materials, 
but also from considerations of cooling rates. Provided 
the rate of temperature fall permissible from metallurgical 
considerations is not exceeded, the more quickly this 
operation can be completed the better. Over-adequate 
insulation will militate against this, but if the insulation 
is applied in a number of separate layers, this provides 
some control over cooling rates, since the outer layers 
can be stripped off successively without involving a 
dangerous fall in temperature. 

Although the method described is particularly suitable 
for large vessels, there seems no reason why preformed 
hoods, constructed from light metal sections and lined 
with mineral wool insulation, should not be produced 
fer smaller scale work and used repeatedly. Fcr example. 
a hood constructed of 4 in. mineral wool would have a 
heat capacity of approximately 560 B.Th.U. sq. ft. of 


superticial area. The corresponding figure for a conven- 
tional furnace, even if it is constructed most efficiently 
and fitted with a 9 in. lining of insulation brick, is about 
9,000 B.Th.U. sq. ft. of superficial area. Both these 
figures, of course, apply to equilibrium conditions at 
630° C. 

Some mineral wools can be used at temperatures up to 
1.500° F. (815° C.). Failure in service when such 
materials are exposed to higher temperatures for 
considerable periods is due to fibre embrittlement. 
Nevertheless, they can be subjected for relatively short 


periods to much higher temperatures than this. The 
ultimate fusion temperature corresponding to the 


temperature mentioned above would probably be in the 
neighbourhood of 1.430°C. Thus, particularly in cases 
where the insulation is regarded as expendable, the same 
arrangement as described for stress relieving could be 
used for other heat treatment operations, including, of 
course, normalising. 

A logical development of the method outlined above 
would be the construction of semi-permanent furnaces 
so that a number of boiler shells, for example, could be 
treated without the labour of individual lagging and the 
somewhat higher consumption of materials occasioned 
by repeated handling. <A steel structure adequate in 
strength to support the necessary insulating material, 
arranged so as to permit the charging and withdrawal of 
boiler shells or similar constructions, would constitute 
the permanent feature of the furnace. Such a structure 
could be adapted to suit a wide range of shapes and 
aspect ratios, so as to provide the best features of both 
this method of insulation and the mode of stress relief in 
the conventional type of furnace. 


Flame-Hardening Excavator Parts 


(Continued from page 182) 


this figure is obtained, the burners are automatically 
extinguished and the gear lowered into the quenching oil. 
A flow of compressed air is so directed across the surface 
of the querching medium as to eliminate the possibility 
of igniting the oil. A built-in cooling device, coupled 
with a pyrometer, maintains the oil at the required 
temperature. This instrument, by means of a two-way 
switch, shows the temperature of the quenching oil and 
of the water flowing through the heat exchanger of the 
cooling equipment, so that the flow of water may be kept 
to the minimum consistent with the maximum desirable 
temperature of the oii. 

A flow meter and pressure gauge unit for gas and 
oxygen is employed so that, together with the Milliscope 
settings. a method card may be prepared for each type 
of gear treated. The heating time to harden a spur gear 
39 in. in diameter, having 124 teeth of 4 D.P. and a width 
of 4 in., is approximately 20 minutes if hardening down 
to the root is required. The gas consumption is about 
425 cu. tt. and the oxygen consumption 245 cu. ft. At 
Is. per therm, the cost of gas would be 2s. 2d. and oxygen 
at, say, 40s. per 1,000 cu. ft. would be 10s. 


Roller Path Hardening 


The automatic oxy-town gas flame-hardening machine 
Type LSW has been specially designed to harden the 
internal gear and roller path of truck frames on which 
the cabin and the excavating equipment rotate. The 
teeth of the gear are hardened by the progressive method. 


the burners to which the water spray quenches are 
attached rising over the length of the tooth. Both flanks 
of each tooth are hardened simultaneously. The roller 
path is automatically hardened by the progressive 
method, the burners and quenches remaining stationary, 
whilst the component rotates. The speed of rotation is 
controlled by the Milliscope in order to maintain a 
constant pre-set temperature. 


Blackheart Malleable Annealing Plant 


A MAJOR contract of approximate value £120,000 has 
heen awarded to Birlec, Ltd., by Ley’s Malleable Cast- 
ings Co., Ltd., for additional electric furnace equipment 
for the annealing of pearlitic malleable iron castings 
from their new mechanised foundry at Derby. With an 
average output of | ton hr., the plant will comprise 
three main parts—a high temperature furnace, a fast 


cooling conveyor, and a low temperature furnace. Both 
furnaces will be of the type employing pusher 


mechanisms to progress trays of castings from end to 
end. Fully automatic means will be employed for 
transferring castings from the high temperature trays 
to the cooling conveyor and thence to the low tem- 
perature trays. Thus, no manual handling operations 
will be required between the charge and discharge ends 
of the line. The trays will be of open type, and scaling 
of the castings during treatment will be avoided by the 
appropriate use of a controlled atmosphere. 
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Niobium (Columbium)—Its Future Prospects 
By J. Sandor, D.1.C., A.M.1.M.M.* 


Sources of niobium (columbium) 


up to recently a less common metal 


are now ple ntiful rapel 


strides in methods of ore concentration and in its extractive metallurgy have m wde the metal and its 


alloys readily accessible to the de seqner as an engineering mate rial of emportance. 


The re are siqna 


of progress in the developme nt of niobium-based “super alloys for gas turbine and rocket applications, 

as well as of its growing use in the steel industry, and in the electronic and nuclear engineering fields. 

Estimates are given on past and possible future consumption of niobium in its various fields of appl 
cation and some results of recent research are reviewed. 


Historical 


INCE there still appears to be some confusion about 
the name of this element (atomic number, 41 : 
atomic weight, 92-91; in Group Va in the Periodic 

Table), perhaps a brief historical note is in order by way 
of introduction. It was the English chemist, Charles 
Hatchett, who in 1801 discovered the element and called 
it “columbium,” after Columbia, the “Gem of the 
Ocean.” However, Hatchett evidently analysed the 
mixed oxide of columbium tantalum, for it was only a 
vear later that Anders Gustaf Ekeberg, the Swedish 
chemist, discovered tantalum in a sample of columbite. 
In 1844, the German chemist Heinrich Rose proved 
beyond doubt that columbium and tantalum were 
different elements. He therefore re-named columbium 
and called it niobium 
Tantalus). 

A few years ago, the International Union of Pure and 
Applied Chemistry, with the full support of the American 
Chemical Society, agreed that the name of the element 
should henceforth be “niobium.” However, many 
metallurgists, engineers and business men, particularly 
in the United States of America, are reluctant to adopt 
the name, and feel that the decision was made by 
chemists without due regard to the interests of the 
metallurgical world. This view was reflected by a recent 
decision of the American Institute of Mining, Metallurgical 
and Petroleum Engineers (A.I.M.E.), who suggested that 
the name of the element should be columbium. 

Two fundamental difficulties remain, and until these 
are resolved it is unlikely that agreement will be 
achieved. The first is that the mineral * columbite”’ is 
firmly established in mining, mineralogy and geology. 
It is argued that it would hardly be logical to change the 
name “columbium”’ while it bears such a_ generic 
relationship to the name of its chief source mineral, 
although it would not be unique in this respect (ef. 
tungsten). The second difficulty is that chemical 
compounds are well-known as * niobates.”” Even in the 
United States niobates are firmly established and 
unchallenged as descriptive of compounds of columbium 
(niobium). 

In Britain, many appear ignorant of the fact that the 
element was originally discovered by an Englishman, and 
it is even less widely known that it was he who named it 
*columbium.”” The fact remains that in Britain, as 
indeed in most European countries, the name “* niobium” 
has been generally accepted by metallurgists and 
chemists alike (although perhaps not by columbite 
producers). In this survey, therefore, niobium” has 
been used throughout. 


® Warren Spring Laboratory, Department of Scientific and Industrial Research. 
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rABLE I PHYSICAL PROPERTIES OF NIOBIEM 

Atomic Number il 

Atomic Weight w2-1 

Atomic Volume 

Lattice Structure body-centred cut 

Lattice Constant A 

lonization Potential soles 

Electrochemical Equivalent 1926 my. coulont 

Density 57 cm.” 

Melting Point 2,468. 

Boiling Point 

Heat of Sublimation 170-9 kK.eal g-atom 

Heat of Combustion 2,379 cal. 

Coefficient of Linear Thermal Expansion rae | ly ‘ 

Electrical Resistivity 13-2 microhm-om. (20 

Magnetic Susceptibility 2-28 

Tensile Strength (annealed sheet) 25 tons sy 

Tensile Strength (cold worked sheet 45 toms ay. it 
100,000) pos 

Modulus of Elasticity 6-7 toms 

Few of the so-called “less common’ metals have 


created such interest in recent years as niobium. This 
was partly due to the United States’ stock-piling policy, 
which created a sudden demand for it at almost any price 
some five years ago. Meanwhile, its use was severely 
restricted in the United States by order of the authorities 
This concentrated attention by the authorities created 
something of an aura around this hitherto little known 
element. But in no small measure the interest has been 
justifiably based on the fundamental properties of the 
element niobium (Tale I), a metal of high ductility, high 
melting point, and strength at elevated temperature, as 
well as other virtues which will be discussed later. 


Sources Present and Future 


There is no reason today to regard niobium as a * less 
common” metal. While admittedly the element 
niobium is rarely present in an ore deposit at concentra- 
tions higher than 0-5°,, Nb,O.. this fact alone no longer 
constitutes an insuperable obstacle, owing to advances 
made in mineral processing technology. Moreover, 
fortunately, in quite a few deposits niobium occurs 
together with other extractable values such as apatite 
(raw material for phosphate fertiliser), cassiterite (tin 
ore). uranium, rare earths, ete. 


rABLE If.—PRODUCTION OF NIOBIUM MINERALS 
(principal producers only) 
Concentrates (long tons 
Source 
1956 19 
Nigeria 
Columtute 2.914 | 1.92 
Valaya 
olumbite 236 276 142 
Helgran Congo 
Brasil 
Columbite 13 
Norway 
Koppite 175 256 
'nited States 
Mainly Euxenite 6 
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Fig. 1. Estimated consumption of niobium in the U.S.A. 


and the United Kingdom. 


Up to recently, the chief commercial source of niobium 
has been columbite, recovered as a by-product from tin 
ores, chiefly in Nigeria. Approximately 80°,, of the 
world’s production was from this cource (Table IL). In 
columbite, the niobium occurs together with tantalum. 
The ratio of niobium to tantalum varies widely, but both 
occur in the ore in the same order of magnitude—gener- 
ally between 10: Land 1:1 Nb: Ta. The close chemical 


PABLE PRINCIPAL 
Deposits Reserves 
(tons 
\ Nigeria Pinhelds alluvial and eluvial 
tin-columbite deposits 
Nigeria Katfo Valley: granite 
iranian pyrochlore 
pyrochlore 
pyrochlore 
henye Mrima; leached carbomatite 42,000,000 
“ th decompose Ipyroct ore 
Belgian Cong Ruanda-t rund ind the 
reas tu imbite-tan 
te Man tir 
smelter slags 
Nvusaland and Carbonatites pyrochlore 
N. Rhodesia 
Westert Brazil Arava: pyrochlore P20 
Canada Seven deposits in Bu in 
turio and (huete hiethy 
States Arkansas and Idaho tan 
and placer deposits 
Norwa Ulefoss Koppite 
West (rerman Kaiserstubl ; koppite 
rales Mala lin ix columbite and 
smelter slags 


relationship between niobium and tantalum has made 
separation of the two elements difficult, and this has been 
a major problem in the commercial extraction of the 
metal. This obstacle has been overcome, and today 
there are several competing routes for the preparation 
of niobium. 

During the last decade, significant sources of a 
niobium-bearing mineral—pyrochlore—have been dis- 
covered in many countries. Pyrochlore is essentially a 
calcium niobate which occurs frequently in carbonatites.* 
In many carbonatites significant values of radioactive 
minerals occur in addition to pyrochlore. One important 
difference between columbite and pyrochlore is that the 
latter contains much less tantalum in proportion to 
niobium. In pyrochlore, the Nb: Ta ratio is often as 
high as 60:1. Onthe other hand, the finely disseminated 
character of pyrochlore in its host rock has made 
economic concentration a serious problem. Today. 
commercial development of two African pyrochlores 
(Tanganyika and Uganda) is at an advanced stage. 
Other pyrochlores in many parts of the world are still 
under early laboratory and pilot plant investigation. 

There are two other niobium minerals of interest, Le.. 
koppite and euxenite. Koppite, a mineral similar to 
pyrochlore, is being worked commercially in Norway. 
but on a relatively small scale. A koppite deposit exists 
also in Western Germany. Euxenite, a complex rare 
earth mineral, containing uranium and niobium, occurs 
mainly in North America: it is the object of prelim- 
inary laboratory studies in the United States Bureau of 
Mines. 

Two further potential sources of niobium might be 


mentioned, since these exist in concentrated form. The 
(arbonatites are intrusive calcitic or dolomite rocks of magmatic and 
metasomatic derivation asseciated with alkaline activity 


OF NIOBIUM 


Reserves 


Nb, O 
Keterence Notes 
q* fontent 
(toms) 
47.000) Producing 
Not in production 
4) \dvanced stage of commercial 
development 
270.000 is Advanced stage of commercial 
development 
73 Not in production 
Producin 
Not in production 
4.200000 (6) Not in production 
645.000 7) Only small seale commercial 
production from 
reek, Bs one pyrochlore 
depesit has reached pilot 
plant stage development 
Producing small quantities at 
Bear Valley, 
Producing 


Not in production 


Producing small quantities 
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United States’ stock-pile contains around 7,000 tons of 
combined niobium-tantalum oxide? The second source 
consists of stocks of by-products, mainly niobium oxide. 
accumulated over the years from the production of 
tantalum. This by-product may contain around 1,000 
tons of niobium oxide. 

Large resources of columbite exist in Northern 
Nigeria, while the known potential reserves of niobium 
in pyrochlores alone have been estimated to contain over 
4 million tons of niobium metal (Table IIL). Thus, on 
the basis of present day consumption of niobium in the 
world (probably under 1.000 tons annum), one need 
have no worry about the adequacy of reserves within 
the foreseeable future. This does not mean that all the 
complex and low grade ores which are included in the 
known reserves are extractable economically. Indeed, as 
Table IIL indicates, only two of the known large pyro- 
chlore deposits have so far reached an advanced stage 
of commercial development. Research and development 
is therefore in’ progress to open up economically the 
extractable values from others in order to assure a long- 
term expanding use for niobium. 


Consumption 

To give an accurate estimate of present-day consump- 
tion of niobium in all forms is virtually impossible. 
Statistics are practically non-existent, and the records of 
imports of ore invariably quote the combined oxide of 
niobium-tantalum. Many manufacturers of tantalum 
import columbites for their tantalum content, and stock- 
pile the by-product niobium oxide. Columbite with up 
to2-5:1Nb: Ta ratio is being imported for this purpose 

A significant point, which merits special attention, is 


CONSE MEPTION OF NIOBIUM 
iobiume-sta ed stainless steels) 
Hig Niohium Consumed in Miscel 
il Ore Consumed 
re laneous Uses, including Carbides Metal ¢ 
snd Welding Rods — 
) (long toms) (long ton 
‘ 
2 am 
2 
270 
ll 


1950 and 1956, was hardly more than 10°, over United 
States’ imports." The United States stock-piling pro- 
gramme was discontinued at the end of 1955, resulting 
in a drastic reduction in United States’ imports, which 
has embarrassed columbite producers throughout the 
world. United States’ imports of all niobium minerals 
in 1956 were around 54 million pounds, containing 
approximately 3} million pounds of combined Nb-Ta 
oxide (1.500 tons). Estimated industrial consumption 
of niobium in the United States in the same year was 
considerably lower than that suggested by the import 
figures. Moreover, it is unlikely that the difference 
represents ore imports for tantalum production. The 
estimated U.S. consumption during 1950-58 is shown in 
Table IV, while Fig. 1 shows the estimated consumption, 
in terms of metal in ore, in the United States and United 
Kingdom, 

Some explanation is perhaps in order in regard to the 
estimates presented here. Various in the 
United States have indicated that in recent years, and 
up to 1957, approximately 60°, of the U.S. niobium 
consumption Was in stainless steel, 30°, in high tempera- 
ture and non-ferrous alloys and the remaining 10°, in 
miscellaneous uses, including welding rods and carbides 
However, in earlier years, the U.S. Bureau of Mines 
estimated the distribution to be 73°,, in stainless steel 
IS°,, in non-ferrous alloys and 9°, in miscellaneous uses 
Table IV indicates the likely distribution along these 
lines between 1950 and 1957 in the United States. The 
figures are Computed on the basis of the production of 
Types 347 and 348 (niobium-stabilised) stainless steel, in 
each year, assuming that the actual addition of ferro- 
niobium to the steels was made on the basis of 1-4°, 


sources® 


that world production of niobium minerals between niobium (or niobium-tantalum) metal in steel. Thus the 
FABLE \ KO STATISTICS ON NIOBIUM 

Imports of Ores 
Concentrates (long toms) yas zoe 765 447 
Re-export of Ores 
bantatin 
Ores'® (long toms metal conte i 258 w46 
Kaport of Nie 
bium-Tantalum containing more Nio t 
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tons) separately 66 163 
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consumptions in the other two sectors are computed from 
the available data on steel.* 

During the Korean war, certain restrictions were in 
force in the U.S.A. regarding the use of niobium. Al- 
though this order was revoked at the end of 1953. 
niobium has not vet recaptured all the markets which it 
enjoyed prior to these restrictions, as Fig. | indicates. 

Unfortunately, statistics on niobium in the United 
Kingdom are even fewer. The available information (some 
hitherto unpublished) is shown in Table V. From this 
it is possible to give an estimate of niobium consumption 
in the United Kingdom in somewhat simplified terms. 
and only between 1955-58 (Table VI). 

In the following, the prospects of niobium are dis- 
cussed in each of the three most important fields of 
application, i.e., (1) steel industry, (2) high temperature 
alloys and (3) nuclear engineering. 

Forecasts of any kind involve certain hazards. but 
where technology is concerned these hazards are particu- 
larly severe. There often occurs a major break-through, 
the effects of which are impossible to foresee. Such a 
break-through may occur in an entirely different field of 
technology and yet have a considerable effect on the one 
in which one attempts to assess the future. 

The situation regarding the future of niobium contains 
all these hazards. Nevertheless, certain pointers exist 
today which might warrant another look at this very 


* In 1957 there was a decline in the United States in the oroduction of nicbium 
stabilised stainless steels, causing a corresponding fall in niobium ONSUIptio#n 
Since this decline was apparently restricted to its use in stajiiess steel, and sinner 
he actual distribution between the various uses in that vear is available he 
consumption in the other fields was arbitrarily taken unchanged from the 


previous year 

The data in the last column of Table LV coor 
metal content) Was computed on the assurmniion that the recovery from ore ir 
lerro-niobium for use in steelmaking ts 85°), whereas the average overall re 
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overy of niobium from ore for other uses is around 7 
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interesting element. One of these is the recent improve- 
ment which has occurred in its availability from readily 
accessible sources. While only a few years ago niobium 
had to be carefully conserved and its civilian use severely 
restricted, lest its important military applications 
became endangered by scarcity, today the problem is 
one of over supply. Furthermore, a potential abundance 
in its supply is virtually assured for the future. 

The second important factor favouring its wider 
application is the rapid progress which has been made in 
recent years in the extractive metallurgy of niobium, 
coupled with that which is being made in the technology 
of concentrating the various low grade ores which are its 
potential source. This trend will undoubtedly help 
eventually to make niobium a much cheaper metal, and 
hence more accessible to the ultimate future consumer. 


Advances in Niobium Extraction 


(a) Ore Concentration 


The chief commercial means of 
niobium ores is by gravity methods. 
alluvial columbite is concentrated in sluice boxes or jigs. 
followed by a further treatment involving pneumatic 
tables, and magnetic and electrostatic separation for the 
removal of monazite and zircon.'* With the more finely 
disseminated primary columbites and pyrochlores, the 
problems of concentration are increased, and research 
into methods of flotation is in progress at various 
laboratories. The method employed at Mbeya, in 
Tanganyika, for the concentration of pyrochlore is based 
on wet gravity concentration on tables, followed by 
further upgrading by a combination of flotation and 
magnetic separation.'? Conventional methods of mineral 
dressing are probably employed also for dealing with the 
pyrochlore in Uganda, but no details have been published. 
Thus, in dealing with these deposits at least, it has 
not been found necessary to revert to more expensive 
chemical processes. 

A peculiarity of mineral processing is the fact that 
each deposit presents its own technical problems of 
economic concentration. Thus, the solution of pyrochlore 
concentration in one area is not necessarily applicable to 
another. 


concentration of 
In most areas, 


(b) Extraction 

Production of ferro-niobium from the ore concentrate 
is by aluminium or silicon reduction. No special pre- 
cautions are needed as a rule to separate the tantalum 
beforehand, and in faet ferro-niobium produced from 
columbite contains both niobium and tantalum, in 
roughly the same proportion as in the ore. 

The chemical metallurgy of pure niobium presents 
many serious problems. The chief one has been the 
separation of niobium and tantalum oxide. Current 
industrial practice is based on solvent extraction deve- 
CONSUMPTION OF NIOBIUM 


PABLE VI.- ESTIMATED U.K. 


Niebium-Tantalum 
Metal in Ferro-Nio 
Consumed in 


Niobium Consumed Ore Consumed for U.K 


in Other Uses Use (Metal Content) 
lacture 
(%) (long tons) (%o) (long toms) (long tons) 
2 21 Ww 
72 1 
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loped by the United States Bureau of Mines.'* The 
system hydrofluoric acid hydrochloric acid- methyl iso- 
butyl ketone (hexone) has been superseded more recently 
by one in which sulphuric acid is used instead of hydro- 
chloric acid. It has been claimed that this is a more 
efficient method in not only separating the two oxides, 
but also eliminating impurities commonly associated with 
the ores. The flow sheet in Fig. 2 indicates the major 
steps involved. 

The preparation of niobium is achieved either through 
the reduction of oxide or of the halides or oxvhalides. 


The favoured commercial step is a two-stage reduction of 


the oxide by carbon, i.e 


(1) Nb,O, + 7C — -2NbC + 5CO 
(2) Nb,O, -INb jCO 
Research is in progress into alternative routes. of 


which perhaps one of the most interesting is the chloride 
reduction, Chlorination of the ore, followed by fractional 
distillation of the chlorides, might be adopted to by-pass 
the solvent extraction step. Reduction of the chloride 
may by achieved by hydrogen in two steps,’® or alterna- 
tively in the same manner as for titanium and zirconium 
by active metal, e.g. magnesium or sodium. 


(¢) Production of Massive Metal 

The extraction of niobium metal involves techniques 
which yield a powder, and this still contains minor 
amounts of deleterious impurities. Melting and powder 
metallurgy are the two alternatives by which the massive 
metal can be prepared in pure form. 

Of the commercial melting techniques, consumable 
arc melting has the disadvantage that the impurities 
cannot readily escape during the short time between 
melting and solidification. Work is in progress, however, 
to improve this technique in order to produce commercial! 
purity metal. 

The most recent development in this field has been 
the large scale electron beam melting of niobium, which 
overcomes the above difficulty. Three inch diameter 
ingots have been prepared successfully on a commercial 
scale by this technique, which is capable of further 
development regarding automatic feeding and control, 
as well as other refinements.'"® By this technique by far 
the purest commercially available niobium has been 
produced to date (Fig. 3). 

Consolidation and puritication of niobium by powder 
metallurgy involves prolonged sintering above 2.0007 C. 
and in high vacuum. 


Niobium in Steel 


Niobium, when added to stainless steel, prevents 
carbide precipitation in the 425°-870° C. (800°—1,600° F.) 
temperature range, preventing inter-granular corrosion 


PABLE PRICES OF SOME STAINLESS STEELS: DECEMBEK 


Price (cents, th.) 


orging Billets Bars and Shapes 


(Low Carbon) 


62°25 
17 (Me 76°75 
S47 55°74 64-75 
S48 (Nb) 61-50 


See Table IN 
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tourtesy of Temescal Metallaraiwal tor; 


Fig. 3. An 80 Ib. 3 in. diameter ingot of niobium in an 
electron bombardment furnace at the Temescal Metallur- 
gical Corporation, Richmond, California. 


particularly in welded components. Furthermore (again 
probably because of its action in stabilising carbon), 
the strength of the niobium-containing stainless steel is 
improved at high temperature. The minimum niobium. 
tantalum content of these stabilised steels is of the order 
of 8-10 times the carbon content. In the United States 
these steels are designated as Types 347 and 348 
In the latter, the tantalum must be held below 0-10°,,. 
In the production of niobium-stabilised steels. ferro- 
niobium or ferro-niobium-tantalum is added to the steel, 
the recovery being of the order of 85°, for niobium and 
70°, for tantalum. Niobium is not the only element 
forming stable carbides in steels: titanium-stabilised 
steel (Type 321) has also been used for this purpose. In 
particular, during the Korean war, titanium-stabilised 
steels were substituted in most non-defence applications 
for the niobium-stabilised type. 

There still exists a considerable difference in price in 
favour of ferro-titanium. In the United Kingdom ferro- 
niobium is three times the price of ferro-titanium for a lb 
of metal (Nb and Ti respectively) contained in the ferro- 
alloy. Moreover, while niobium must be added to steel to 
ensure the presence of approximately 10 times the 
carbon content, 4 to 5 times the carbon content. is 
adequate in the case of titanium. This makes it more 
difficult for niobium to compete on a cost basis (Tables 
Vil and VIIT). However, since titanium oxidises readily, 


rABLE VIII PRICES OF SOME STAINLESS STEELS 
(austenitic (excluding En 54 type); hot rolled bars).'* 
Nb 1-2-1-5% Nt 3-1-0% T 
per ton per ity per ton per it 
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Titanium stabilised type 32/ 
Low C Low carbon type JO4L 
Nb Niobium stabilised types J47 4 348 
Fig. 4. U.S. production of certain types of stainless steel. 


the steel produced tends to be dirty, inclusions make it 
difficult to achieve a good finish, causing further difticulty 
in fabrication. Niobium-stabilised steel, moreover, is 
stronger at high temperature, casts better and is better 
also for silver and copper brazing and for atomic hydro- 
gen welding. Finally, mill vield of niobium-stabilised 
steel is superior.® 

From the technical point of view, therefore, titanium 
and niobium stainless steels are not equal, and it is more 
than likely that a real incentive exists for using niobium- 
stabilised steel, particularly where quality rather than 
cost is the main criterion. A decrease in the price 
differential between ferro-titanium ferro-niobium 
should therefore result in a rapid expansion in the use of 
niobium steel by industry. The size of the possible 
expansion may be gauged from Table LX, and from the 
fact that future industrial requirements are likely to be 
more exacting, requiring more often materials operating 
at higher temperatures and pressures. This trend should 
favour the use of niobium steels, as indeed its growing 
use in the United Kingdom indicates (Table V1). 

Another method by which it is possible to reduce 
susceptibility to inter-granular corrosion in stainless steel 
is by the removal of carbon to below 0-03°,, which is 
approximately the limit of solid solubility in the [8-8 
matrix. In comparison with the stabilised types, how- 
ever, the strength of this low carbon stainless steel is 
appreciably poorer, especially at high temperatures. 
Moreover, according to reports, low carbon steels cause 
greater refractory damage.’ On balance, the advent of 
low carbon steels, with a price similar to titanium- 
stabilised steels, will create competition in the future with 
all the alloy-stabilised types, but primarily in the lower 
priced sectors where requirements are less exacting. 

Fig. 4 indicates the production of certain types of 


stainless steel in the United States as a percentage of the 
total stainless steel production. A number of significant 
points emerge from this diagram, and these may be 
summarised as follows : 

(a) During the Korean war the fall in production of 
niobium-stabilised steel was made up by increased 
production of titanium-stabilised steels, while by 
1952 production of molybdenum steels also began 
to show a rise. 

Molybdenum steels, in spite of their higher price. 
are generally holding on to their gain in popularity 
whereas titanium steels have declined and appear 
to continue to do so. 

Production of low carbon stainless steels shows a 
sharp increase in 1957. 

The production of niobium stainless steel, having 
declined sharply during the Korean war, is slowly 
hut steadily increasing. 


(b) 


(c 


(d) 


Although the figures of actual production of 
niobium steels in 1957 show a drop from the pre- 
vious vear (Table IX), their percentage of the total 
stainless steel production has continued to increase. 


(¢ 


It appears that the continued popularity of molyb- 
denum-bearing stainless steel and the growing popularity 
of low carbon stainless steel are making it extremely hard 
for the niobium steels to regain their previous foothold. 
Nevertheless, the proportion of niobium stainless steel 
production in the United States today is the same as it 
was in 1951, at the beginning of the Korean crisis. 

The stainless steels shown in Fig. 4 and Table IX 
represent approximately 9-13°,, of the total United 
States’ stainless steel production. Moreover, this is an 
important sector which is expected to grow with the 
continual advance of technology. A certain amount of 
competition necessarily exists between the various types 
shown, resulting in mild fluctuations in normal cireum- 
stances. Moreover, a diagram such as Fig. 4 might be 
expected to reveal advances in stainless steel technology. 
On the other hand, the sharp peak in 1952 in Type 321 
was clearly the result of Government intervention in 
restricting the use of niobium (incidentally causing a 
sharp price increase), and would not have taken place 
otherwise. The diagram appears to indicate that the 
effect of this has not vet been overcome. With the 
technical advantages lving so strongly in favour ot 
niobium-stabilised steel, and the apparent willingness of 
industry to pay for specific quality (as shown by the 
continued popularity of the more expensive Type 316), 
it is expected that there will be a further increase in the 
use of niobium steels in the next few vears. 

During 1957, there was a remarkable increase in the 
production of Type 348 niobium-stabilised stainless steel 
in the United States (Table IX). It has already been 
mentioned that, according to the specification, the 
tantalum content in Type 348 must be kept below 0-1°,. 
If, therefore, a columbite ore is used for the production of 
such steels, its Nb: Ta ratio must be held at 8-5: 1 or 
higher.* 

Columbites with Nb: Ta ratios higher than 8-5: 1 
have been produced in Nigeria. Pyrochlores are of 
particular interest, however, on account of their extremely 
high Nb: Ta ratio. Type 348 stainless steels, or stainless 
steels with possibly even more rigid requirements in 


\ ratio of Nb Tae 8-521 will give a 10:1 ratio in steel, since the recovery of 
niobium is areuod S3°,, while that of tantalum is only 70°, 
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LABLE IN tos PRODUCTION OF CERTAIN TYPES OF STAINLESS STREI TONS 
Stainless Steel Type 1930 1951 lose 195% Lone 
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SO4L (low carbon) lu ssu 
Total of All Types 749,078 S40, 357 857,148 6 1 196 1 4 
ype 304L—-stainless steel with C 0-03", max Type 348— Niobium-stabilised stainless steel with Ta 1° mux 3161 Molybdenum stainless tee 
Type 347 —Niobium-stabilised stainless <teel Type 321— Titantum-stabilised stainless ster SI7—Molybdenum stainless 
316— Molybdenum stainless stee! 


regard to freedom from tantalum * contamination,” may 
be needed in the future for applications in nuclear 
reactors, where the high neutron absorption cross section 
of tantalum (Table XJ) is a serious disadvantage. 

A new application for niobium in mild steel was 
announced recently in the United States. [If niobium 
were added to mild steel in the same amount as to 
stainless steel, i.e. 8-10 times the carbon content, the cost 
would be prohibitive for any application in’ which 
ordinary carbon steels are used today. It appears from 
various reports.2° however, that a trace of niobium 
(around 0-05°,) is adequate to impart certain beneficial 
properties to mild steel. Advantages claimed for these 
steels include better weldability and formability, higher 
strength and toughness, previously obtainable only with 
higher priced steels. Niobium treatment apparently 
results in a fine-grained structure in the metal and might 
be successful in producing mild steel which does not strain 
age. Up to now attempts to achieve this with other 
alloying elements have been partially successful only, 
and almost certainly more costly than the small addition 
of niobium would be. Its use is expected to be in sheet 
for deep pressing applications, such as for more compli- 
cated shapes in motor car bodies, and also for heavy 
mobile equipment such as trailers, tractors and trucks. 

In conclusion, the outlook for niobium as an addition 
element in steel making is highly promising. Technical 
development in every field tends to create a growing 
demand for materials which have special qualities. In 
fulfilling this demand, niobium will have to play an 
increasingly important role in the steel industry. In the 
final analysis, it is volume production which is of primary 
importance in the steel industry, and hence the cost of 
the various alloying elements can be a crucial factor. No 
doubt a growing market for ferro-niobium and large 
scale and improved methods in processing the ore will 
result in further reduction in the price of this important 
ferro-alloy for the steel industry. 


High Temperature Alloys 


The second largest use of niobium is as an alloying 
element in heat resisting alloys (Table IV). So far, in 
this field the use of niobium has been generally restricted, 
however, to the role of a relatively minor alloying 
addition (0-3-5°, Nb). Its major effect is to impart 
creep resistance and to increase high temperature 
strength ; it also improves melting practice. The prin- 
cipal application of niobium-containing nickel-cobalt 
based alloys is in turbine dises and blades. 

Owing to rapidly growing interest in high performance 
missile and rocket power plants, gas turbine engines and 
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nuclear power systems, there is a strong demand for 
materials having useful strength, ductility and toughness, 
coupled with oxidation resistance at very high tempera 
tures. Existing so-called * super alloys” of nickel and 
cobalt lack the necessary strength above 1.1007 
(2,000° F.), because of their comparatively low melting 
point. Attention is being centred more and more, there- 
fore, on the refractory metals with melting points above 
2.0007 C, (3.6307 F.). In Table X the various elements 
of interest are listed in order of their melting point. Only 
the first five are in the category with melting point higher 
than 2.000° C. Of these, rhenium is still far too expensive 
to be considered seriously for the commercial application 
which is envisaged in the present context. 

A very important factor in considering alloys or metals 
of this kind is their density, which affects the strength- 
weight ratio. Apart from its effect on economy in 
general, the question of strength-weight ratio can be 
a crucial factor in rocket and aircraft applications 
Of the four remaining elements in Table X_ (those 
in heavy type), niobium has the lowest specific 
gravity. Niobium’s comparatively low density also helps 
in making it cheaper in all applications where a given 
volume rather than a given weight must be used. Its 
present price on a volume basis is less than the other 
metals in this group, except molybdenum 

Although niobium has the lowest melting point of the 
refractory metals in this group, its oxide, formed when 
the pure metal is heated in air to about 600°—1,000° © 
(1.110°-1,820° F.), does not evaporate” like that of 
tungsten and molybdenum. This fact not 
sufficient, unfortunately, to impart oxidation resistance 
to niobium at high temperatures, since its oxide is 
porous aml non-protective. Search is in progress for 
means to overcome this difficulty. 

There are at present two main lines of approach : 


alone is 


(a) by reducing the rate of diffusion of oxygen through 
the scale to a desired limit by the production of an 
alloy which would give a_ tightly adherent, 
mechanically sound scale 

(b) by * cladding ” the metal with a layer which would 
safely protect it for a long period and under severe 
and repeated thermal shock 

Investigations are still proceeding along these and 
similar lines : few results have been published so far 

Niobium has a comparatively low elasticity modulus 

which may be a disadvantage in certain design applica 
tions. On the other hand, other things being equal, a 
low modulus of elasticity permits more alloying without 
serious loss of ductility. This provides greater flexibility 
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PABLE \—PROPERTIES AND Cost OF MELTING POINT METALS 
Melting 
Me ime Potentia Price Gappros.) 
Metal Point Usefu 
(rravity \ 
Form (Sib. (8 cu.in.) 
Tungsten 5400 6,160 19-3 ‘a Powder 
Sintered tar 18-25 
Experimental quanti 
ties of are-melted 
buttons ole 610 680 
Tantalum 2,006 (a) Powder 
sheet 
Rod i 
Molybdenum 2,620 4,746 (a) Powder 
Sintered bar 2550 9-5) 11 
Niobium 2,46 4475 a) ot MNO 16-5) 24-5) 
Zirconium 52 64 th) i) Sponge 
Sheet, bear 25 35 
3,272 iw) Sponge 1-70 
Billet 25 
Bur, rod, plate 6 1 1-6) 
Vansdium 1720 12s 
Tract ile 65 110 
Bervilium 1350 2,462 (hy 
fa) high temperature “ super alloy “ base (h) nuclear application. (¢) — chemical plant 


and much better scope for the development of a suitable 
niobium-based high temperature alloy. Tolerance to 
more alloying also gives more scope to the possibility of 
developing alloys with improved creep resistance and 
strength at elevated temperatures. 

A large number of binary alloys have been thoroughly 
investigated without much success. Of the ternary 
systems, promising results have been obtained with a 
niobium-10°,, Ti-10°,, Mo alloy.”* This alloy, with a 
tensile strength of 45 tons sq. in. (100,000 p.s.i.) and 
190 B.H.N., is easily worked and is claimed to be 
amenable to all types of metal forming. It has good 
oxidation resistance at 1,100°—1,370° C., (2,000°-2,500°F.) 
for a matter of minutes to some hours (Fig. 5). Its creep- 
rupture test at 1,430° C. (2,600° F.), measured in air, 
showed exceptional properties (Fig. 6). Tensile strength 
in air is 15 tons sq. in. (34,500 p.s.i.) at 1,100°C., 
(2.000° Ig), and 5 tons sq. in. (11,000 p.s.i.), at 1.415° C. 
(2,575° F.). These results are reproduced here merely 
to indicate that the concentrated effort devoted to 
niobium, as a promising metal in the high temperature 
‘super alloy ” field, is beginning to bear fruit. Mean- 


while the workers themselves claim for this alloy no more 
than that it represents a stage in the progress to date.** 
From the theoretical point of view, there is every reason 
to press on with these investigations. 

No success of any kind has yet been reported in the 
literature in regard to the development of a diffusion 
barrier against oxidation at high temperature by coating 
niobium based alloys. Research is in progress, however, 
by electroplating and other coating techniques.*?> In 
this line of approach, niobium has a definite advantage 
in that its oxide is stable and does not evaporate at high 
temperatures. There is some hope therefore of modifying 
the oxide layer by interaction with other substances, or 
simply by relying on the niobium oxide layer as a 
substrate for the diffusion barrier. 

It is difficult to foresee the prospects of niobium in the 
high temperature alloy field. If a gas turbine powered 
motor car were available to the general public in about 
two to three years time, it would almost certainly create 
an inereased demand for high temperature alloys,- 
hence for niobium. However, in the beginning, niobium is 
likely to be a minor constituent in such alloys. It is not 
possible to make an accurate prediction today 
concerning the likely demand for niobium, should a 
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niobium-based “ super alloy’ be developed. If 
such a new alloy were capable of raising the 
operating temperature limit in turbines by more 
than around 100°C. (200° F.), it would almost 
certainly require a new engine design in order to 
take full advantage of the development. In this 
case it may take about five vears for the full effect 
to be felt in regard to niobium requirements. 
Meanwhile, there will be a growing demand for 
‘ super alloys ”’ in rocket and satellite applications, 
particularly in the high temperature sector. In 
spite of this, it would be rash to predict a rapid 
increase in the demand for niobium in the high 
temperature alloy field within the next five vears. 
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Fig. 5.- External scaling due to oxidation 
(1,100 1,370 C) for the niobium 10°, titanium 
alloy. 


Din Pont de Nemours & Co 


at 2,000 2,500 F. 
molybdenum 


Niobium and Nuclear Engineering 


Nuclear development has created a demand for 
structural materials which must fulfil stringent 
requirements. A successful canning or clad- 
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30 
ding “ material must be compatible with the 
fuel clement and fission products, and it 
must preserve its dimensions against the 
growth and swelling of the fuel. Niobium 
possesses corrosion resistance, coupled with 
strengh that elevated temperatures and excel- 
lent compatibility with uranium fuels. Its 
thermal neutron absorption is not as good 
as that of zirconium or beryllium, but it is 
still excellent compared with other high 
temperature materials such as stainless stcel 
(Table XI). Inasmuch as the trend in power 
reactors is towards higher temperatures to 
obtain better efficiency, niobium is likely to 
play a role in this field. ' 


STRESS. 1000 PSI 
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The choice of canning material is rarely a ' 
simple one, however. In addition to physico- 
chemical conditions of environment (pressure, 
temperature, etc.), the effect of enrichment of — Fig. 6. 


the fuel is a vital variable and with it. 
naturally, the question of cost is the final determining 
factor. If neutrons are copiously available, the much 
cheaper stainless steel cladding may be used. On the 
other hand, the designer may choose to cheapen his fuel 
investment and spend more on cladding with a low 
neutron absorber, such as beryllium (or niobium). As 
always, there is an infinite number of variations and 
possibilities for future development. For example (as 
mentioned in the section on “ Niobium in Steel *’), 
stainless steel may be alloyed with tantalum-free ferro- 
niobium to improve neutron absorption, while keeping 
costs of the cladding material reasonably low. 

With high energy fast neutrons, such as in the Doun- 
reay fast breeder reactor of the U.K.A.E.A.. the neutron 
absorption cross section of metals decreases, and the 
difference in this respect between niobium and such 
metals as zirconium and beryllium tends to become less 
important. In the construction of the Dounreay Unit. 
niobium is in fact being used as a canning material. 
Niobium’s excellent compatibility with the fuel and 
liquid metal coolant and its good creep strength at the 
high fuel temperature, must have singled it out for this 
application. 

In addition to structural or canning material, niobium 
has another important application in the nuclear field 


as an alloy of uranium for fuel elements. The addition of 


10 at.-°,, niobium to uranium stabilises the gamma, 
body-centred cubic structure of uranium at room 
temperature. This phase has better metallurgical and 
chemical properties and far better radiation damage 
resistance than the alpha phase.*4 

So far relatively small quantities of niobium have been 
used in the nuclear field. According to one estimate.” 
possibly no more than 30 tons of high purity niobium 
metal may be used annually in this application in the 
future. On the other hand, the use of stainless steel in 
nuclear power is expected to grow rapidly. According 
to one estimate,* nuclear power may require 20,000 tons 
of stainless steel annually in 5 years or so, much of which 
will be niobium-stabilised. If so, this should provide an 
important tonnage outlet for niobium. 


Other Uses for Niobium 


Welding rods, for welding stainless steel, contain 
niobium, and this accounts for about 4°, of total niobium 
consumption at present. With increased use of stainless 
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Stress-time-percentage creep curves for the niobium 10°, 
titanium 10°, molybdenum alloy tested in air at 2,600 F. (1,430 C.). 


steel in structural applications, requirement for welding 
rods is expected to grow in proportion. 

Small amounts of niobium in pellets, strip, or wire, are 
used as getters’ in vacuum tubes 

Niobium foil (or the carbide) is used for lining crucibles 
in the melting of metals. 

Niobium’s corrosion resistance to acids is better than 
that of zirconium, although it does not stand up to acids 
so well above 80° C. as tantalum. The ready availability 
of niobium, and its much lower cost than that of tantalum 
for an equal volume requirement (Table X), should 
favour the future application of niobium, wherever 
possible, in corrosion resistant apparatus. 

Niobium is outstanding for service with a number of 
liquid metals, and in this connection it possesses im- 
portant potentialities as a future structural material 
where low-melting liquid metals are used for heat transfer. 
This potential is at present greatest in the nuclear power 
field, but other applications may arise in the future in 
which the high heat transfer coefficient of liquid metal 
will be utilised. 


Compounds of Niobium 


Niobium carbide is used as a minor addition to 
cemented carbides. 

Niobium boride has been reported recently* as a 
possible application in rocket and gas turbine parts, 
where corrosion resistance to noxious gases and to liquid 
or gaseous metal is required. 

Niobium oxide ceramics have unusually low values of 


thermal expansion?” and may be useful in certain 
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applications. Niobium pentoxide is also used as a 
catalyst in the manufacture of synthetic rubber. The 
glass and ceramic industries have used some niobium 
oxide as an additive. 

Lead metaniobate is now on the market?* as a ferro- 
electric ceramic material for transducer applications in 
electronics. It exhibits superior characteristics, with 
an operating temperature range of approximately four 
times that of barium titanate. It can be used in sensing 
devices, such as force gauges and accelerometers, which 
are designed to work at high ambient temperatures, and it 
permits reliable operation after long periods of time. 
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Annealing Extruded Aluminium Tubes 


HE installation of conveyor-type furnaces has resulted 
in increased production of aluminium tubes in the 
Feltham, Middlesex, factory of Impact Extrusions, Ltd. 
These tubes are required in hundreds of thousands in 
various sizes for the packaging of toilet preparations and 
cosmetics, such as toothpaste and hair cream. They are 
particularly useful for the marketing and economical use 
of the more expensive creams, and there is no doubt that 
new applications will continue to be found. 


General view of the furnace. 


In the extruded state the tubes would be too hard for 
-atisfactory use, and they are therefore annealed at a 
temperature of 500°C. Sixty tubes per minute of all 
sizes up to 14 in. in diameter are fully annealed in 
conveyor type furnaces. These utilise high temperature 
radiant surfaces combined with high velocity air cireu- 


lation, ensuring rapid heating of the articles passing 
through the furnaces on a wire mesh conveyor line. 

The furnaces are very flexible, adjustments being 
available for : 

(a) varying the speed of the belt : 

(b) varying the distance between the articles and the 

radiant surfaces and 

(¢) varying the temperature of the radiant surfaces. 
It is, therefore, possible to anneal completely any size 
of tube with the highest possible economy in gas con- 
sumption. 

A substantial number of these furnaces have been put 
into use, both in Impact Extrusions’ factory in this 
country and in associated factories abroad. They were 
designed, constructed and installed by the North 
Thames Gas Board. 


New Consett Plate Mill 


Davy and United Engineering Co., Ltd., are to build 
new plate rolling and finishing plant worth over £4} 
million for Consett Iron Co., Ltd. This plant, which is 
high on the priority list of the British steel industry's 
current development programme, will add materially to 
existing British capacity for quality steel plate. It will 
consist of a 39 in. and 60in. * 132 in. 4-high hot rolling 
mill, with a full range of auxiliaries, supported by exten- 
sive plate finishing equipment comprising complete 
heavy and light shearing lines. Steel plate will be 
produced up to 10 ft. wide and in lengths up to 90 ft. 
which will be handled and cut to finished size on either 
the light or heavy shearing lines, according to thickness. 

The new plant is due to go into operation in mid- 
summer 1960 and it is interesting to note that it wi!l 
replace the existing plate mills which Davy-United built 
for Consett as far back as 1926, and which have worked 
continuously ever since. This latest order means that 
Davy-United have now been entrusted with three of the 
six new plate mills required under present steel industry 
development plans. 


METALLURGILA 


| | 
: 
in 1 * 
= 


Hacksaw and 
Magnet 
Production 


Cutlers’ Feast 
Works Visit 


Part of the milling section of the hacksaw blade department. 


Master Cutler, on the day following the Cutlers’ 
Feast, to arrange for his guests to visit one of the 
important works of the city to show them the progressive 
aspect of the Sheffield trades. This vear’s Feast—the 
323rd—was held on St. Patrick’s Day. March 17th, and 
on the morning of the IS8th a tour was made of the 
Napier Street works of James Neill and Co. (Sheftield), 
Ltd., and of those of the subsidiary company. The 
Hallamshire Steel Co., Ltd. 
This year the Master Cutler is Mr. JJ. 


lL: has been customary for some years past for the 


Hugh Neill, 


deputy chairman of James Neill and Co., and it is of 


interest to note that three holders of the office of Master 
Cutler have, within a period of only thirty-five years. 
heen associated with the company, namely the present 
Master, his father, Sir Frederick Neill (the present 
chairman), and his grardfather, the late Mr. James 
Neill (the founder of the business). Furthermore, Mr. 
G. P. Hunt. then managing director of the Hallamshire 
Steel Co.. Ltd.. also held the office during the same 
period. 

The firm had its beginning in the vear 1889, when the 
late James Neill rented a 12-hole coke furnace and 
commenced the manufacture of crucible steel.  Steel- 
making still plays an important part in the company’s 
and in the quality of its finished products. 
Melting of steel is carried out in the three high-frequency 
melting plants of the company and its subsidiaries. 
These supply alloy steel for Eclipse hacksaw blades and 
tool bits, and magnet alloys for Eclipse permanent 
magnets and magnetic tools: one of the subsidiaries. 
Composite Steel Works, Ltd., supplies industry with 
Eclipse steel-faced iron (composite steel), and with 
Eclipse tool and die steels. Rolling of steel—including 
ingots melted in the company’s own melting furnaces 
is carried out in the rolling mills of the company’s 
largest subsidiary (Hallamshire), an old established 
manufacturer of carbon and alloy steel bars, flats, 
sheets, and wire rod, which was acquired by James 
Neill and Co. (Sheffield) Ltd., in 1954. 

Time did not allow the visitors to see the whole of the 
company s activities, the programme being confined to 
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the hacksaw and magnet departments at James Neill 
and certain of the rolling mills at Hallamshire. An 
interesting and valuable feature of the arrangements 
was the presentation to each visitor, as he entered each 
department, of a coloured card giving brief particulars 
of the work carried on there. The various processes were 
numbered and the machines and equipment used for 
each process were likewise numbered on cards of the 
same colour. Anyone with experience of trailing round 
a works at the back of a party and unable to hear the 
guide will appreciate the value of this system 


Hacksaw Blade Department 


The manufacture of Eclipse hacksaw blades commenced 
in the vear 1911. and today they are made in two quali- 
ties, high speed steel and low tungsten steel. The former 
is more expensive but is essential for the cutting of 
certain hard materials. The low tungsten steel blades 
are for general purpose use and are made in two types 
* All Hard © which, being hardened throughout, provide 
rigidity in use, and * Flexible’ which, being hardened 
on the teeth only, are less easily broken and are more 
suitable for the unskilled operator. The steel from which 
Eclipse hacksaw blades are made is melted by James 
Neill and Co. (Steels), Ltd., and rolled by The Hallam- 
shire Steel Co., Ltd. After heat treatment, shearing and 
straightening, it is delivered to the hacksaw blade 
department in the form of strips 

The first stage in the production of blades from strip 
is the milling of the teeth, which is carried out on a batch 
of strips clamped together. To ensure correct tooth 
form, samples of the milled strips are examined by a 
projection technique in the laboratory. In the setting 
operation, whereby side clearance is provided, the 
milled strip is automatically fed (with magnetic assist- 
ance) through a machine which presses one third of the 
teeth to one side and one third to the other, and leaves 
one third straight. Two hand hacksaw blades are 
punched from each double length strip in a_ single 
operation which forms the ends, punches the holes and 
applies the mark © Eclipse ” to each blade 


The blades are then heat treated, the details of 
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A section of the physical laboratory. 


temperature, time, ete., varying with the type of blade. 
The low tungsten steel flexible blades are hardened on 
the teeth only, being automatically fed by magnetic 
fingers to the hardening machine, held for a_ pre- 
arranged time with the toothed edge presented to a gas 
burner, quenched in whale oil, and ejected into a con- 
tainer. In the case of the all-hard low tungsten steel 
blades, they are assembled in special jigs and then fed 
through a temperature-controlled gas-fired furnace and 
quenched in whale oil. Low tungsten blades are packed 


in jigs and tempered in gas-fired furnaces with a cycle of 


seven hours. 

Gas-fired salt baths are used for hardening high speed 
steel blades, heating-up taking place in two stages. 
The first consists of preheating to about 800° C., and the 
temperature of the blades at the end of the second stage 
is in the neighbourhood of 1,200° C. Cooling is in air, 
with a final quench in whale oil which helps to keep 
them straighter and breaks the scale. The furnace 
temperatures are rigidly controlled and the whole 
process follows a specified time cycle. 
high speed steel blades is carried out in electric furnaces 
with a cycle of 34 hours. High speed steel blades which 
have been bent during heat treatment are straightened 
by manipulation under a jet of fine steel shot. 

To reduce the risk of breakage, the ends of the blade 
are softened : the low tungsten steel by feeding magneti- 
cally on to a band and over gas flames, and the high 
speed steel by feeding—one end at a time—through an 
electric furnace. 

Finishing operations include paint spraying and 
marking with transfers the high speed steel blades, and 
oiling those not protected by painting. | The blades are 
finally fed, in batches of a dozen, to the banding machine, 
and then packed six bundles to a box. 


Hacksaw Frame Department 

Eclipse hacksaw frames are made in range of different 
patterns for use with standard sizes of hacksaw blade. 
the most recent development being the sheet saw. which 
looks like a carpenters saw but has a replaceable hacksaw 
blade at the cutting edge. The saw is made in two 
models, one for cutting metal sheet and the other for 
builders’ materials 


Tempering of 


For the purpose of the visit, 
the department concentrated on 
two patterns of frame—the No. 
20 T. (the most expensive) and 
the Ne, 60 B. (the cheapest). The 
former has a tubular frame and 
die cast pistol grip handle, while 
the latter has a strip frame and a 
wooden handle in tine with the 
blade. The work seen in this 
department included the pressing. 
marking, bending, punching, pier- 
cing and grinding, milling, and 
drilling operations used in the 
manufacture of the main frame 
members ; turning and screwing 
small parts; assembly; inspection: 
and packaging. 


Physical Laboratory 

Constant metallurgical and 
physical examination of all cut- 
ting tools is carried out in the 
laboratory, and in the case of high speed steel hacksaw 
blades, for example, laboratory assistants pick samples 
at random from each hardening furnace in the blade 
department on at least eight separate occasions each 
day. The principal forms of examination are: (a) 
measurement of the hardness ; (6) microscopical exam- 
ination of the grain structure ; (¢) profile inspection of 
tooth formation ; and (d¢d) measurement of toughness. 

In the testing shop the performance of hacksaw 
blades is measured, comparative tests being carried out 
het ween 

(a) Eclipse blades made in accordance with the 
current production specification and Eclipse blades 


Rolling hacksaw blade sheet. 
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made in accordance with a specification 

which differs from it in one respect only, 

the object being to determine whether the 
introduction of this single alteration would 
cnsure a better performance ; and between 

(4) Eclipse blades drawn at random from 
stock and competitive blades purchased in 
the open market. 

Each test is a strictly comparative one be- 
tween one blade and another, each blade in 
turn being set to cut four thin sections of 
the same bar and on the same machine. 
Variations in the machinability of the bar are 
thus shared out, and variations in machine 
conditions are eliminated completely. 

Further sawing tests are carried out, often 
at the request of individual users, to deter- 
mine the best way to cut particular materials. 


Magnet Department 

With the rapid development which has 
taken place in the sphere of radio, television 
and electronics, as well as in the ever widening 
field of use of electric power, there has come 
an increasing demand for permanent magnets 
employing new materials and of improved design. 
The magnets produced by the company today range 
in size from the small compass magnet to the 
large magnetron unit made up of sections bonded to- 
gether, and are supplied for incorporating in’ such 
products as telephones, meters, thermostats, electrical 
instruments, lifting and holding devices, magnetic 
separators, radio and television, generators and mag- 
netos, and automatic train control. Special attention 
has been directed over the years to the development and 
manufacture of magnetic work-holding devices for 
industry, and the experience of the company in the 
properties and applications of permanent magnets is 
reflected in the variety of magnetic work-holding and 
feeding devices seen in passing through the works. 

The output of the department is about half a million 
magnets per month, but in the time available visitors 
were only able to see certain selected processes. The 
first of these was the production of castings in Alni, 
Alnico and Aleomax (alloys of aluminium, nickel, cobalt 
and iron). The metal is melted in high frequency 
furnaces, and subsequently cast at temperatures in the 
range 1,630—1,680° C. into accurately prepared moulds. 
In many cases the moulds are a combination of shell and 
sand moulds—one half in each. After breaking the 
magnet castings from their runners, adhering sand is 
removed by shot blasting, and later they are cleaned 
again to remove scale after heat treatment. Removal of 
surface roughness by hand grinding facilitates the main 
grinding operations on larger machines, when many 
castings can be ground at one time. 

The main grinding operations include rough grinding, 
precision grinding and duplex grinding. To ensure 
maximum machine utilisation in rough grinding, female 
assistants are employed for all work except actual 
grinding, when each operator has a 35 h.p. motor under 
his control. Duplex grinding is used where magnets 
require two parallel faces grinding. This is achieved in 
one operation, at great speed, by passing the magnets 
between two hydraulically controlled grinding heads. 
Permanent magnets are used in certain operations for 
holding the workpieces, and also for continuous cleaning 
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A section of the magnet foundry. 


of the coolant. The methods of gauging employed are 
the result of time and motion study, and are aimed at 
simplifving procedure, reducing fatigue, and facilitating 
relection of work to required specifications. 

Full magnetic characteristics are rapidly determined 
with special test panels capable of accomodating a 
wide range of magnets. In some cases adequate control 
can be effected with fluxmeter measurements, or by 
lifting weights. Whilst all magnets are magnetised for 
testing purposes, the majority are despatched in the de- 
magnetised state, to facilitate correct assembly and 
subsequent magnetisation at the customer's own works. 


Rolling Mills 


The visit to the Hallamshire Steel Co., Ltd., was 
confined to three sections : (a) the hot wire rod mill ; 
(4) the hot bar mills ; and (c) the Nos. | and 2 hot sheet 
mills. All cater primarily for the production of high 
speed, stainless and other alloy steels, as well as special 
carbon steels. In the rod and bar mills the materials 
produced are mainly for use in the automobile, aircraft, 
engineering, agricultural implements, textile machinery 
and tool making industries, whilst the output from the 
sheet mills is principally used for the production of metal 
cutting including hacksaw blades, and other 
cutting tools. 

For the production of wire rod in high speed, stainless 
and other alloy steels, and special carbon steels, in coils, 
the raw material, in the form of billets is first fed by 
mechanical pusher into a temperature-controlled pro- 
ducer-gas-fired reheating furnace. The hot billets are 
given an initial rolling in the three-high 14 in. cogging 
mill to prepare them for further processing. Before 
final rolling, further reduction in size is carried out in a 
two-stand three-high 14 in. intermediate mill. The 
finishing mill has 10 in. rolls, and the material may pass 
through a series of up to ten three-high stands. The 
mills and ancillary equipment are electrically driven. 

The output from this mill is supplied to wire drawers 
and cold rollers for further processing. Rounds range 
from 0-212 in. to 0-718 in. ; squares from 0-212 in. to 
0-562 in. ; flats from 0-370 0-100 in. to 1-250 
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0-375 in.; special shapes are also produced. All sizes 
and shapes are finally coiled. 

Plant for hot rolling bars comprises a series of six 
separate mills. With the exception of No. 4 mill, which 
is two-high, all the mills are three-high. No. | mill has 
five stands and 12 in. diameter rolls, No. 2 mill four 
stands and 12 in. diameter rolls, No. 3 mill four stands 
and 12 in. diameter rolls, No. 4 mill five stands and 
14 in. diameter rolls, No. 5 mill five stands and 8 in. 
diameter rolls, and No. 6 mill four stands and 10 in. 
diameter rolls. The mills and ancillary equipment are 
electrically driven. 

Bar sizes covered by the mills are as follows : rounds 
from 0-250 in, to 6-00 in. ; squares from 0-250 in. to 
4-00in. ; hexagons from 0-250 in. to 3-812 in. ; octagons 
from 0-250 in. to 2-125 in. ; and flats from 0-375 in. to 
9-00 in. wide = 0-62 in. to 3-00 in. thick (according to 


width): special sections are also produced. After 
rolling, most bars are transferred to the heat treatment 
department for annealing, or hardening and tempering, 
as required. In certain cases, bars rolled in these mills 
are passed to the cold (bright) drawing, turning and 

ntreless grinding departments for further processing. 

In the hot sheet mills, flat ingots or slabs are rolled 
into sheets, first being taken to an intermediate stage 
and then, after annealing where necessary, being descaled 
by shot blasting prior to finish rolling. The Nos. 1 and 2 
sheet mills seen by the visitors have 20 in. diameter 
rolls in four two-high stands. <A further four sheet mills 
are situated in another section of the plant. After 
rolling, the sheets may be subjected to one or more of 
the following operations: (a) annealing; (4) final 
descaling ; (¢) paring to exact length and width, and 
(d) mechanical cold flattening. 


Rolling Mill Control Demonstration Van 


DEMONSTRATION van showing how a complete 
A rolling mill can be controlled automatically 

is at present on a six-month tour of major 
steel works and non-ferrous works in’ the U.K. 
Demonstrations and lectures are being given at 
universities in the areas visited as well as at works. 
The van, which has been fitted out by The English 
Electric Company’s Metal Industries Division, 
contains a working model of a rolling mill, on a 
scale 4 in. to the foot. The model is controlled 
by full size automatic equipment. 

Demonstrations and talks are given at each centre 
by a team of experts led by Mr. D. W. Kilby, of the 
Company's Stafford Works, and including Mr. K. 
A. Hall (Sales Manager, Metal Industries Division), 
Mr. H. S. Brown (Chief Engineer, Metal Industries 
Division), and Mr. D. 8. Apps (Contracts Manager, 
Metal Industries Division). The demonstrations 
show how the various operating movements on 
a rolling mill can be sequenced and controlled 
automatically. These sequences or “ rolling pro- 
grammes’ are stored, and can be selected by 
switches and set to work by a push button. 

In the majority of steel works at present, the operations 
on a mill, such as the movement of the roller tables 
carrying the stock, the adjustment of the distance 
between the mill rolls, the manipulation of the stock 
into the right rolling channel, and the main mill drive 


itself, are all controlled manually. The development of 


equipment which enables the complete operation to be 
carried out automatically by pressing a push button is a 
major step forward in the automation of rolling mills. 
The equipment has been developed and modified by the 
Company from an original idea of the British Iron & 
Steel Research Association. The Leart of the program- 
ming equipment is a device called a translator unit and 
the Company has been licensed by B.I.S.R.A. to use the 
unit in its original or a modified form. The equipment 
demonstrated by the English Electric van is now 
available for use in the steel industry. It is already 
installed at a mill in the U.K., and other installations are 
going in. The benefits of automation are a more con- 
sistent quality of the rolled metal, higher productivity, 
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General view of the interior of the van. 


more efficient use of operators and less maintenance 
work on the mill. — 


Southern Instruments, Ltd. 


SOUTHERN INSTRUMENTS, LTD., announce the formation 
of an Analytical Instruments Department, which will sell 
equipment designed and manufactured within the 
Company, and also sell, and in some cases manufacture, 
equipment of outside design. Further developments will 
follow in the polarographic field in which the Company is 
already well-known for its cathode ray polarograph. 
Among the electronic analytical tools which will become 
available in the future, is the Sigrist and Weiss (Zurich) 
photometer, which is suitable for both laboratory and 
industrial measurement of absorption and turbidity. 
Mr. W. B. Horner, formerly Sales Manager of the 
Company, has been appointed General Manager of the 
Analytical Department, and will be assisted by Mr. G. B. 
Thorpe, late of Plessey, on Technical Sales. and by Mr. 
J. Hetman, on Applications Research. 
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TESTS HAVE SHOWN THAT 
The ‘Cassel’ ‘Sulfinuz’ Process 


INCREASES RESISTANCE OF FERROUS METALS TO 


Wear Scuffing 


Seizure 
Fretting Corrosion 


Electrically-heated ‘Sulfinuz’ Salt Bath Furnace 
The ‘Cassel’ ‘Sulfinuz’ Process uses a salt bath at 570°C. to impregnate 
the surface of steel or cast iron with sulphur and nitrogen. 


For information on ‘Sulfinuz’ treatment and other salt bath processes, ; 
consult the ‘Cassel’ Heat-Treatment Service. i 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, &.W.1. 


MEVALLURGIA, Apra, 1909 
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REMARKABLE PERFORMANCE 
ALUMINIUM BRONZE 


0-10 IN. SHELL WITHSTANDS OVER 2 TONS PER SQ. 


LEFT Gun-metal O25 in. thick—burst at 
4480 Ibs. per sq. in. 

RIGHT Aluminium-bronze 010 in, thick—burst 
at 4816 lbs. per sq. in. 


Recently we tested to destruction two similar 
hollow castings—one in gun-metal, the other in 
aluminium-bronze. The gun-metal had a _ wall 
thickness of 0°25 in. and withstood pressures up 
to 4480 Ibs. p.s.i.—a very good performance. The 
casting in aluminium-bronze burst at a slightly 
higher pressure (4816 Ibs. p.s.i.) but its wall thickness 
was only 0°10 in. Surely an impressive demon- 
stration of the weight strength characteristics of 
this alloy. 

We were one of the first foundries to cast in 
aluminium-bronze and to-day we supply castings 
in this alloy to customers all over the world. 


CASTINGS FROM A FEW OUNCES TO 10 TONS... 


in all non-ferrous alloys. Precision machining. Special- 
ists in aluminium-bronze, centrifugal-cast wheel blanks, 
shell moulded castings, and chill-cast rods and tubes. 
Continuous cast phosphor bronze bars up to 12 ft. 
lengths. 


NON-FERROUS CASTINGS 


HIGH DUTY IRON 
CASTINGS 


PRECISION MACHINED 
BUSHES AND BEARINGS 


TRADE MARK 


Send your enquiries to: 


T M. BIRKETT, BILLINGTON & NEWTON en 


_HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 
Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Staffs $1: 
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NEWS AND ANNOUNCEMENTS 


Institute of Metals 
ELECTION OF OFFICERS 
THE following members have been elected to fill vacancies 
on the Council of The Institute of Metals and will take 
office as from April 4th, 1959 : 
President: G. L. Battey, C.B.E. (Director, The 
British Non-Ferrous Metals Research Association). 
Past-President : Marshal of the Royal Air Force THe 


Lorp Tepper, G.C.B. (Chancellor, University of 


Cambridge ; Chairman, Standard Motor Co., Ltd.). 

Vice-Presidents: H. Forp (Professor of Applied 
Mechanics, Imperial College of Science and Technology, 
University of London); E. H. Jones (Joint Managing 
Director, Capper Pass and Son, Ltd., North Ferriby) ; 
and H. O'NeEIe (Professor of Metallurgy, University 
College of Swansea, University of Wales). 

Honorary Treasurer: D. P. C. Neave (Director, The 
British-American Metals Co., Ltd.; Capper Pass and 
Son, Ltd.; James Bridge Copper Works, Ltd.; and 
Wolverhampton Metal Co., Ltd.). 

Ordinary Members of Council: W. O. ALEXANDER 
(Assistant Research Manager, Imperial Chemical Indus- 
tries, Ltd., Metals Division, Birmingham); N. P. ALLEN 
F.R.S. (Superintendent, Metallurgy Division, National 
Physical Laboratory, Teddington); F. Dickinson 
(Manager, Development and Research Department, 
The Mond Nickel Co., Ltd., London); and L. Roruer- 
HAM (Research Member of the Central Electricity 
Generating Board, London). 


Mepat AWARDS 


Tue Council of The Institute of Metals has made the 
following awards of medals : 

The Institute of Metals (Platinum) Medal to Dr. L. B. 
Prein, O.B.E., F.R.S. (Director, The Mond Nickel Co., 
Ltd.) in recognition of his outstanding contributions to 
non-ferrous metallurgical science and to the non-ferrous 
metals industries. 

The Rosenhain Medal to Professor R. W. K. Honey- 
COMBE, (Professor of Physical Metallurgy, University of 
Sheffield) in recognition of his outstanding contributions 
in the field of physical metallurgy. 

The W.H.A. Robertson Medal and Premium to Dr. 
R. B. Sims (Chief Engineer, Davy and United Engineer- 
ing Co., Ltd.) for a paper on ** Automatic Gauge Control 
in Rolling Mills,” published in the Journal of the Institute 
of Metals, 1957-58, vol. 86. 


BRITAIN’S first-ever national exhibition devoted solely 
to the foundry industry will be held in Birmingham from 
May 2Ist-30th, when the city’s Bingley Hall will house 
the biggest concentration of exhibits and displays of 
foundry plant, equipment and supplies to be assembled 
as a collective indication of the industry’s strides in 
mechanisation, mechanical handling and modernisation 
generally. Nearly 100 firms specialising in the manu- 
facture and supply of foundry requisites will take part, 
and with many working exhibits the famous exhibition 
hall will take on the appearance of a big industrial plant. 
Special measures have been taken to enable furnaces to 
be used and molten metal to be handled, and leading 
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British technical experts expect to welcome foundrymen 
from all parts of the world. 

The exhibition, which is sponsored by the Foundry 
Trades’ Equipment and Supplies Association, Ltd., will 
not be open to the general public. Admission will be by 
ticket or trade card presented at Bingley Hall, between 


10 a.m. and 6 p.m. each day, with the exception of 


Sunday. 


Institute of Welding Spring Meeting 


Two subjects of considerable topical interest will be 


discussed at the Spring Meeting of the Institute of 


Welding, to be held in London from Monday, April 20th, 
to Friday, April 24th. At the technical meeting on the 
morning of Wednesday, April 22nd, the theme will be 
‘Low Temperature Properties of Aluminium Alloys,” 
and the following papers will be presented : 
Low Temperature Properties of Welded and Unwelded Al-5°, 
Mg Alloy Plates, by J. KE. TomMuinson and D. R. Jackson ; 
Extruded Aluminium Alloys for Low Temperature Service, 


by R. J. DurHAM ; 
Tear Tests on Aluminium-Magnesium Alloy Plate, by J. 


SaAWKILL and D. James; and 
Low Temperature Properties of Aluminium-Magnesium 

Alloys, by RK. E. Lismer. 

At Friday's technical session, also commencing at 
9.30 a.m., the Economics of Welding ”’ will be discussed, 
with some emphasis on welding for the structural 
industry. The papers to be presented are : 

A Survey of the Present Position on the Economics of Welding, 
by A. G. THOMPSON ; 
Dynamics of Welding Production Management, by D. M 

KERR ; 

Economics of Multi-Spotwelding, by M. H. LumMus; and 
Structural Applications of Stud Welding, by R. W. Tayuor 
and J.C. CHAPMAN. 

Because the Meeting, which opens with a reception at 
the Institute on the Monday evening, is being held 
during the Engineering, Marine, Welding and Nuclear 
Energy Exhibition at Olympia, the technical dis- 
cussions are confined to morning sessions, to enable 
members to attend the Exhibition in the afternoon and 
evening. On the Tuesday and Thursday, there will be 
a choice of works visits around London, and on Wednes- 
day evening, the North and South London Branches of 
the Institute are holding their Joint Annual Dinner at 
the Connaught Rooms. 


Graduate Course in Mechanical Working 
GRADUATE courses in selected fields of industrial metal- 
lurgy are now available at the University of Birmingham. 
Following the success of the course in foundry science 
and engineering, held in the session 1958-59, it is pro- 
posed to hold a course dealing with the mechanical 
working of metals in the session 1959-60, It is planned 
to repeat these courses every two or three years. 

The new course is designed for science graduates who 
are working in, or proposing to enter, those branches of 
the metallurgical industry which are concerned with 
metal working. It will be of nine months’ duration, 
leading to a Diploma in Graduate Studies ; or of one 
year's duration, leading to an M.Sc. degree. The course 
has been planned to provide about ten lectures each week 
dealing with fundamental knowledge of the deformation 


lyy 
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British Foundry Exhibition 


Send 

for 
this 

new 
publication 


: eee This publication describes the properties 

of the Wiggin high-nickel alloys used for 


handling caustic soda and illustrates some 


typical applications. 
Extensive data obtained as a result of 


laboratory and plant tests give useful guid- 
ance in the selection of the best materials 
for use in various conditions of service. 


To: HENRY WIGGIN & CO. LIMITED 
WIGGIN STREET, BIRMINGHAM 16 


For man ears Our corrosion engineerin; 
Please send me a copy of ‘ Wiggin Nickel Alloys v. Caustic Alkalies’. 


services have accumulated data on the resistance 
of many metals and alloys in nearly all of the 


NAME 
corrosive environments likely to be encountered 
in industry. Advice and assistance is freely APPOINTMENT OR DEPARTMENT 
available. COMPANY 
ADDRESS 


ME 


a HENRY WIGGIN & COMPANY LIMITED - WIGGIN STREET: BIRMINGHAM 16 
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of metals, the metallurgy of deformation processes, the 
general theory and practice of industrial metal working 
processes, production engineering, process control and 
statistics. The remaining time will be spent in laboratory 
work, seminars, discussions and works visits. 

The normal entrance qualification for the course is a 
suitable degree in metallurgy, physics, or engineering, or 
an equivalent professional qualification. Further in- 
formation about the course may be obtained from the 
Secretary of the Department of Industrial Metallurgy, 
The University, Edgbaston, Birmingham, 15. 


Arc Welding Conference 


ORGANISED by the Department of Industrial Metallurgy, 
a Conference on The Electric Are in Welding will be held 
at Birmingham University, on Thursday, June 25th, 
1959. Following an opening address by PROFEssOR 
E. C. Rotiason, the following papers will be presented 
for discussion : 


MorNING 

A Survey of Are Characteristics and their Significance in 
Welding, by Birmingham University Joining of Metals Team 
(presented by D. R. MILNER) ; 

Gas Absorption from Are Atmospheres, by Birmingham 
University Research Team (presented by Dr. G. R. SAvrerR) ; 
and 

The Mechanism of Metal Transfer in the Welding Are, by 
Electrical Research Association and Birmingham University 
Research Groups (presented by J.C, NeEDHAM). 


AFTERNOON 
Heat Transfer from Ares, by Birmingham University 

Research Team (presented by J.B. WILKINSON) ; and 
Plasma Projec tors and Constricted Arce Torches — their De sign, 
Characteristics and Application, by A. R. Moss, Ministry of 
Supply, Armament Research and Development Establishment. 
An enrolment fee of £1 Is. Od. will be charged, which 
will include the cost of lunch and refreshments. Further 
particulars and forms of enrolment may be obtained from 
the Secretary, Department of Industrial Metallurgy, 
University of Birmingham, Edgbaston, Birmingham, 15 : 
the envelope should be marked ** Welding Conference.” 


Aluminium Street Lighting Column 
Design Competition 


ALUMINIUM street lighting columns have been in service 
for many years in America and have recently been 
introduced on the Continent and in this country. The 
Aluminium Development Association feels that the time 
is ripe to encourage the evolution of good designs (taking 
especially into account aesthetic appearance, economy 
of construction and the advantages of aluminium) for 
such columns and the eventual wider adoption of them 
in the United Kingdom. Accordingly, the Association 
announces an open competition for entry by lighting 
specialists, architects, industrial designers, engineers and 
other individuals or groups. The competition is for the 
design of either a 25 ft. high column for Group A : trunk 
road lighting; or a 15 ft. high column for Group B: 
non-trunk road lighting. 

Three prizes of £250, £100 and £50 are offered, together 
with an additional student’s prize of £75. Three 
assessors—The Hon. Lionel Brett (nominated by the 
President of the Royal Institute of British Architects), 
Professor Sir Alfred Pugsley, O.B.E., F.R.S. (Past- 
President of the Institution of Structural Engineers), 
and Sir Gordon Russell, C.B.E.. M.C. (Director of the 
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Council of Industrial Design)-—will be assisted by a panel 
of technical advisors. 

The closing date for receipt of entries is July Ist, 1959. 
Copies of the competition regulations and conditions 
(with specification and design requirements) and of the 
entry form may be obtained from the Secretary, The 
Aluminium Development Association, 33, Grosvenor 
Street, London, W.1. 


Technical Paper Competition 

Wirn the object of attracting papers suitable for 
presentation at Annual Conventions and or for publica- 
tion in appropriate journals, thus increasing the technical 
matter made available to the industry, the National 
Association of Drop Forgers and Stampers is offering 
prizes for written papers under the general title of 
* Production and Processing of Forgings.” Three prizes 
will be awarded, with a maximum first prize of £50, the 
amount awarded being dependent on the merit of the 
paper concerned. The paper submitted must not be less 
than 3,000 words in length and it is recommended should 
not exceed 5.000 words. 

In order to save unnecessary work on unsuitable 
subjects, participants should send to the Technical Officer 
of the Association, at 245, Grove Lane, Handsworth, 
Birmingham, 20, the title and a brief synopsis of the 
paper, when they will be advised as to its suitability 
Further particulars with regard to the rules governing 
the competition should be obtained from the Technical 
Officer, at the above address. 


School of Welding Technology 


THE School of Welding Technology, founded in October, 
1957, has now organised twenty special day and evening 
courses which have been attended by more than 1,000 
engineers, designers and draughtsmen from firms anxious 
to develop to the full the advantages offered by welding 
and welded construction. The demand for places has 
been such that two full-time courses are now being 
offered each month; in all, thirty separate courses 
covering the principal branches of industry are available, 
Courses to be held during the next six months include : 
Health and Safety in Welding (18th April) 
Welded Structures (27th April Ist May) 
Metal Spraying (4th 6th May) 
Ultrasonic Inspection (25th 28th May). 
Brazing Technology and Design (Sth June) 
Welded Design and Construction in General and Mechanica! 
Engineering (22nd-26th June). 
Advanced Course for Welding Engineers (22nd 30th 
September). 
Welded Design and Construction of Pressure Vessels and 
Pipework (12th 16th October). 
Control of Distortion (26th 28th October). 
Residual Stresses and Stress Relief (29th 30 October) 
Further particulars may be obtained from The School 
of Welding Technology, 54, Princes Gate, London, 8.W.7. 


Carbodrip Price Reduction 


Witp-BarFieLp ELectric FURNACES, LTp., announce a 
reduction in price of their patented Carbodrip gas 
carburising fluid in the United Kingdom, as from 
March 9th, 1959. This reduction follows a fall in the 
cost of raw materials, and will result in even greater 
savings in operating costs by users of Carbodrip in drip 
feed gas carburising furnaces. 
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Electrical Aids in Industry 


Resistance Heating-1 


In this form of heating, the heat is produced by 
passing an electric current through a high resistance 
conductor which is termed the “‘ heating element ” 

The heat is transferred from the heating element 
to the work by convection, radiation or conduction, 
or by a combination of any, or all of these. When it 
is a question of radiation or convection, the element 
can be a bare wire or strip of suitable material, 
provided it is adequately supported on electrical 
insulation capable of withstanding the temperature. 


When there is to be contact between the work 
and the element, heat being transferred to the work 
by conduction, the wire or strip must be surrounded 
by suitable insulating material and enclosed in 
a protective sheath. 


AAA AAAAAD AAA 


In the majority of cases, the wire or strip forming 
the heating element is made of a nickel-chromium 
alloy which has a high electrical resistance and can 
be safely used in air at temperatures of up to 
1050°C., or in a suitable atmosphere, of up to 
1150°C. Other element materials are available for 
use at higher temperatures. 

Sheathed elements, essential for contact heating 
but also used widely for convection and radiation 
heating because of the convenience afforded by the 
mechanical strength of the sheath, usually metallic, 
and by their “built-in’”’ electrical insulation, cannot 
be used at temperatures as high as the bare wire or 
strip. This is because the wire, being embedded in 
insulation, is always at a higher temperature than 
the sheath, and to keep the wire temperature down 
to a safe figure the sheath temperature is usually 
limited to a maximum of around 800°C 

Automatic temperature control of resistance 
heating elements within narrow limits is easily 
effected, but if manual control only is desired, 
devices are available which enable the heat output of 
the elements to be controlled precisely at a required 
level. As with all electrical methods, a time switch 
may be included in the control circuit for auto- 
matically switching on or off at predetermined times, 
and this can enable, for example, an electric oven to 
be fully up to working temperature by the time the 
working day starts. Since there are no combustion 
products from the heaters, there is no need to build 
flues or special ventilating arrangements which also 
carry away useful heat. 

Electric resistance heating may profitably be put 
to many diverse uses; two of these are described 
briefly below, others will be listed in a subsequent 
data sheet. 


Furnace Heating 
Electric resistance furnaces can be divided into two 
main categories, batch type and continuous. In most 
cases, the heating elements are of 

nickel-chromium alloy, for fur- 
nace temperatures up to around Lime 
1050°C., but higher tempera- — 
tures, up to nearly 3000°C., can A. nist a 
be obtained by using other metals 032 
or alloys, or in some cases non- 
metallic elements. A protective 
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atmosphere is desirable to prolong the life of some 
of these higher-temperature elements. For all 
temperatures, electric resistance furnaces can be 
constructed so that the heating process takes place 
in a controlled atmosphere if this is dictated by 
the composition or heat requirements of the work 
charge. In some furnaces, fans are used to circulate 
the air or special atmosphere over the charge, there- 
by giving increased heating rates and a uniform 
temperature over the whole charge. 


Automatic temperature control and program 
control of the heating process are readily effected. 


Electric furnaces are extensively used in industry, 
for example in the general heat treatment of metals, 
in the glass and ceramics industries, for brazing and 
sintering, and for many other applications requiring 
temperatures above 500°C. 


Oven Heating 


There are two basic forms of heat transfer used in 
electric resistance Ovens: convection and radiation. 
The latter is dealt with in a separate data sheet under 
the heading “* Infra-Red Heating ”’. 


| 


Convection ovens may again be of the batch or 
continuous type. In either case, the charge is heated 
mainly by the movement of hot air, which is some- 
times assisted, as in furnaces, by fans to give a rapid 
and uniform temperature rise. Ovens are normally 
designed for temperatures of up to about 500°C., 
and the heating elements are invariably of nickel- 
chromium or nickel-chromium-iron alloy. 


Ventilation, when required, can be provided and 
regulated entirely to suit the 
heating process. Tempera- 


tures and times are readily 
controlled. A vacuum can be ¢ é 
maintained in suitably de- ? $ 
signed ovens to assist in the __WA 


extraction of moisture and 
solvent. 


Convection ovens are extensively used for drying, 
baking and stoving operations, and for a host of 
other processes requiring a low or medium 
temperature. 


For further information, get in touch with | 
your Electricity Board or write direct to the 
Electrical Development Association, 2 Savoy 
Hill, W.C.2. 

Excellent reference books on electricity and 
rroductivity (8/6 each, or 9/- post free) are 
available—‘‘Induction and Dielectric Heating” 
is an example; “Resistance Heating” is 
another. 

E.D.A. also have available on free loan a 
series of films on the industrial use of 
electricity. Ask for a catalogue. 
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Personal News 


FOLLOWING upon the change of control of The British 
Aluminium Co., Ltd., Lorp PortraL and Mr. G. Cun- 
LIFFE, Chairman and Deputy Chairman, respectively, 
have left the Boards of that Company and all its 
Subsidiary and Associated Companies. Str Ivan A. R. 
STEDEFORD has been elected a Director and Chairman 
of the Board, and Mr. R. S. ReyNoups a Director. 

Mr. L. G. Norrurrerp has been appointed Publicity 
Manager of Efco, Ltd.. whose subsidiary companies 
include the Electric Resistance Furnace Co.. Ltd. and 
the Electro-Chemical Engineering Co., Ltd. Mr. North- 
field joined the General Electrie Co., Ltd., in 1946, to 
specialise in process heating, and for several years has 
heen dealing with the many aspects of publicity involved 
in the selling of electric furnaces, high frequency and 
infra-red plant. 

Mr. A. R. A. Hatt, Industrial Export Sales Manager 
of British Oxygen Gases, Ltd., is at present on a seven- 
week tour of the Middle East, visiting the oil producing 
centres at Qatar, Bahrein, Kuwait, Abadan, Teheran, 
Beirut and Tripoli. Turkey, Libya and Malta are also 
on his itinerary. 

TuBeE INvesTMENTs, Lrp., announces that Masor- 
GENERAL FRANCIS DE GuINGAND, K.B.E., C.B., 
D.S.O., and Mr. E. L. Burton have been appointed to 
the Board. Mr. Burton will continue to be Secretary 
of the Company. Sir Francis has been in charge of 
TI's interests in South Africa since 1949. 

THE British [RON AND STEEL RESEARCH ASSOCIATION 
announce that Mr. E. W. Voice, Head of the Ironmaking 
Division, has been appointed an Assistant Director of 
the Association. 

THe Brivish Co., Lrp., announce that 
consequent upon the retirement of Mr. H. W. L. 
PHILLIPS in September next, the following appointments 
have been made at the Research Laboratories, Chalfont 
Park, with effect from September 12th, 1959: Mr. A. C. 
CoaTeEs as Assistant Director of Research (Chemical) : 
he will deputive for Dr. Pearson in the latter’s absence : 
and Mr. P. C. VARLEY as Assistant Director of Research 
(Metallurgical). Dr. C. E. Ransiey will be given the 
title of Senior Research Metallurgist, and Dr. F. A. 
CHAMPION that of Senior Research Chemist. 


Mr. B. G. FrrzSimon has been appointed Production 
Engineer at the Brighton plant of West Instrument, 
Ltd., the temperature control instrument manufacturers. 


Mr. F. W. Powe. and Mr. E. L. O'FLaANAGAN have 
resigned from the Board of Hale and Hale (Tipton), Ltd. 


FOLLOWING the recent retirement from active duty of 
Mr. J. Horridge on medical grounds, the appointment 
of Mr. J. F. WiILtsHer as General Works Manager of 
George Kent, Ltd., has been announced. Mr. Willsher 
joined the Company in 1947 and has been successively 
Production Controller, Production Manager and Manager 
of the Instrument Division. 


PLANT expansion at the Steel, Peech and Tozer Branch of 
the United Steel Cos., Ltd., and the present exacting 
trade conditions have made necessary a re-arrangement 
of the works managerial structure. The following 
appointments took effect on March Ist: Mr. H. R. 
BruNYEE as Works Manager, Services: Mr. C. H. 
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Hayter as Works Manager, Templeborough: Mr. R 
ScHOLEY as Works Manager, Ickles: Mr. W. E. Avex- 
ANDER as Technical Assistant. (Mills) to the Works 
Manager, Templeborough ; Mr. D. R. Baker as Techni 
cal Assistant to the Works Manager, Ickles; Mr. D. EF 
BILLINGTON as Manager, Cogging, Billet and Bar Mills 
(including the 10 in. and 14 in. mills) ; Mr. BE. Hovautros 
as Assistant to the Works Manager, Templeborough 

Mr. M. Tuomas as Assistant to the Works Manager 
Mr. E. A. Jupp as Manager, Spring Shops and 
Drop Stamp; and Mr. I. Ross as Manager, Instrument 
Department. In consequence of MR. BILLINGTON’s move 
to Steel, Peech and Tozer, Mr. G. Taickerr has assumed 
direct charge of the Billet Mill at Samuel Fox and Co., 
Ltd., for the remainder of the vear whilst continuing to 
carry out his normal duties as Works Manager, Heavy 
Departments. Mr. J. D. Heys has been appointed 
Work Study Officer. 

THe British ALumMinium Co., Lirp., 
following staff changes have been made at their Rolling 
Mills: Mr. J. A. RicoMoND has been appointed Deputy 
Manager at Falkirk with effect from July Ist, 1959: he 
has been nominated to succeed Mr. Fietp as Manager 
at Falkirk when the latter retires on January 23rd, [060 ; 
Mr. T. D. Rees has been appointed Deputy Manager at 
Latchtord with effect from May Ist, 1959; Mr. R. LC. 
McDoxaLp has been appointed Assistant Manayer at 
Warrington with effect from March Ist, 1959; Mr. F.C 
Foske?tT has been appointed Chief Production Superin- 
tendent at Milton with effect from March Ist, 1959 

Mr. N. MacDonacp has been appointed Deputy Chief 
Production Superintendent at Milton with effect from 
March Ist, 1959; and Mr. D. Lowe has been appointed 
Superintendent of the Experimental Department at 
Milton with effect from March Ist, 1959. 


Services ; 


announce that the 


THREE Directors of the Workington Lron and Steel Co. 
retired at the end of February from the Board of this 
Branch and from the Boards of the other Subsidiary 
Companies of The United Steel Cos., Ltd. They are 
Mr. J. N. St. Georce Curwen, Mr. Lancron Higuron 
and Mr. D. R. Warrtewortru. Mr. T. SANDERSON 
General Works Manager, and Mr. J. Latrp, Commercial 
Manager, have been appointed to the Board of the 
Workington Iron and Steel Co. 

Mr. D. F. Hayvos, Chief Technical Sales Representa- 
tive of Baird and Tatlock (London), Ltd., and Hopkin 
and Williams, Ltd., is at present on a six-week tour in the 
Middle East, visiting agents, representatives and custo- 
mers in the Persian Gulf, Iraq, Iran and the Lebanon. 


Mr. B. Ercuver has been appointed to the Board of 
General Refractories, Ltd., Sheffield. Mr. Eichler, who 
joined the Company in 1940, was for several years Chief 
Technologist, and for the last four vears has occupied the 
position of Director of Research. 

THe Sree. Co. or Waxes, Lrp. has announced that 
Mr. W. G. MarnwarinG, formerly Deputy Hot Mills 
Manager, has been appointed Sheet Mills Manager to 
replace Mr. J. H. Lysacut, who has found it necessary to 
relinquish the position for health reasons. Mr. Ly saght 
has joined the Sales Organisation as Chief Pechnical 
Representative for the Development of Sheet Stee! 
Markets. Mr. J. M. Keere, formerly Hot Mills Engineer 
has been appointed Deputy Hot Mills Manager to replace 
Mr. Mainwaring, and Mr. F. H. HoLmes has become 
Hot Mills Engineer. 
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Electrical Aids in Industry 


Resistance Heating-1__ 


In this form of heating, the heat is produced by 
passing an electric current through a high resistance 
conductor which is termed the “ heating element ”’. 

The heat is transferred from the heating element 
to the work by convection, radiation or conduction, 
or by a combination of any, or all of these. When it 
is a question of radiation or convection, the element 
can be a bare wire or strip of suitable material, 
provided it is adequately supported on electrical 
insulation capable of withstanding the temperature. 


fi 


When there is to be contact between the work 
and the element, heat being transferred to the work 
by conduction, the wire or strip must be surrounded 
by suitable insulating material and enclosed in 
a protective sheath. 


AAA AAAAAD AAA AAA 


In the majority of cases, the wire or strip forming 
the heating element is made of a nickel-chromium 
alloy which has a high electrical resistance and can 
be safely used in air at temperatures of up to 
1050°C., or in a suitable atmosphere, of up to 
1150°C. Other element materials are available for 
use at higher temperatures. 

Sheathed elements, essential for contact heating 
but also used widely for convection and radiation 
heating because of the convenience afforded by the 
mechanical strength of the sheath, usually metallic, 
and by their “built-in” electrical insulation, cannot 
be used at temperatures as high as the bare wire or 
strip. This is because the wire, being embedded in 
insulation, is always at a higher temperature than 
the sheath, and to keep the wire temperature down 
to a safe figure the sheath temperature is usually 
limited to a maximum of around 800°C. 

Automatic temperature control of resistance 
heating elements within narrow limits is easily 
effected, but if manual control only is desired, 
devices are available which enable the heat output of 
the elements to be controlled precisely at a required 
level. As with all electrical methods, a time switch 
may be included in the control circuit for auto- 
matically switching on or off at predetermined times, 
and this can enable, for example, an electric oven to 
be fully up to working temperature by the time the 
working day starts. Since there are no combustion 
products from the heaters, there is no need to build 
flues or special ventilating arrangements which also 
carry away useful heat. 

Electric resistance heating may profitably be put 
to many diverse uses; two of these are described 
briefly below, others will be listed in a subsequent 
data sheet. 


Furnace Heating 


Electric resistance furnaces can be divided into two 
main categories, batch type and continuous. In most 


cases, the heating elements are of 
nickel-chromium alloy, for fur- AVZLG 
nace temperatures up to around YW AAG 
1050 C., but higher tempera- 
tures, up to nearly 3000°C., can A SZ 
be obtained by using other metals 2? 4 
or alloys, or in some cases non- TTA 
metallic elements. A protective 
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atmosphere is desirable to prolong the life of some 
of these higher-temperature elements. For all 
temperatures, electric resistance furnaces can be 
constructed so that the heating process takes place 
in a controlled atmosphere if this is dictated by 
the composition or heat requirements of the work 
charge. In some furnaces, fans are used to circulate 
the air or special atmosphere over the charge, there- 
by giving increased heating rates and a uniform 
temperature over the whole charge. 


Automatic temperature control and program 
control of the heating process are readily effected. 


Electric furnaces are extensively used in industry, 
for example in the general heat treatment of metals, 
in the glass and ceramics industries, for brazing and 
sintering, and for many other applications requiring 
temperatures above 500°C. 


Oven Heating 


There are two basic forms of heat transfer used in 
electric resistance ovens: convection and radiation. 
The latter is dealt with in a separate data sheet under 
the heading ‘‘ Infra-Red Heating ”’. 


| 


Convection ovens may again be of the batch or 
continuous type. In either case, the charge is heated 
mainly by the movement of hot air, which is some- 
times assisted, as in furnaces, by fans to give a rapid 
and uniform temperature rise. Ovens are normally 
designed for temperatures of up to about 500 C., 


and the heating elements are invariably of nickel- 
chromium or nickel-chromium-iron alloy. 


Ventilation, when required, can be provided and 
regulated entirely to suit the 
heating process. Tempera- 
tures and times are readily ~ A 


controlled. A vacuum can be 
maintained in suitably de- 
signed ovens to assist in the__W CYA 
extraction of moisture and - 
solvent. 


Convection ovens are extensively used for drying, 
baking and stoving operations, and for a host of 
other processes requiring a low or medium 
temperature. 


| For further information, get in touch with 
! your Electricity Board or write direct to the 
| Electrical Development Association, 2 Savoy 
| Hill, W.C.2. 

| Excellent reference books on electricity and 
| productivity (8/6 each, or 9/- post free) are 
| available—‘Inductionand Dielectric Heating”’ 
1 is an example; “Resistance Heating” is 
another. 

| 


E.D.A. also have available on free loan a 
series of films on the industrial use of | 
electricity. Ask for a catalogue. | 
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Personal News 


FOLLOWING upon the change of control of The British 
Aluminium Co., Ltd., Lorp and Mr. G. Cun- 
LIFFE, Chairman and Deputy Chairman, respectively, 
have left the Boards of that Company and all its 
Subsidiary and Associated Companies. Sir Ivan A. R. 
STEDEFORD has been elected a Director and Chairman 
of the Board, and Mr. R. 8S. ReyNoups a Director. 

Mr. L. G. Norrurierp has been appointed Publicity 
Manager of Efco, Ltd.. whose subsidiary companies 
include the Electric Resistance Furnace Co., Ltd. and 
the Electro-Chemical Engineering Co., Ltd. Mr. North- 
field joined the General Electric Co., Ltd., in 1946, to 
specialise in process heating, and for several years has 
heen dealing with the many aspects of publicity involved 
in the selling of electric furnaces, high frequency and 
infra-red plant. 

Mr. A. R. A. Hawt, Industrial Export Sales Manager 
of British Oxygen Gases, Ltd., is at present on a seven- 
week tour of the Middle East, visiting the oil producing 
centres at Qatar, Bahrein, Kuwait, Abadan, Teheran. 
Beirut and Tripoli. Turkey, Libya and Malta are also 
on his itinerary. 

TuBE INVESTMENTS, Lrp., announces that Masor- 
GENERAL SiR FRANCIS DE GuUINGAND, K.B.E., C.B.. 
D.S.O., and Mr. E. L. Burton have been appointed to 
the Board. Mr. Burton will continue to be Secretary 
of the Company. Sir Francis has been in charge of 
TI's interests in South Africa since 1949. 

Tue British IRON AND STEEL RESEARCH ASSOCIATION 
announce that Mr. E. W. Voice, Head of the Ironmaking 
Division, has been appointed an Assistant Director of 
the Association. 

THe British ALtumintum Co., Lrp., announce that 
consequent upon the retirement of Mr. H. W. L. 
PHILLIPS in September next, the following appointments 
have been made at the Research Laboratories, Chalfont 
Park, with effect from September 12th, 1959: Mr. A. C. 
CoaTEs as Assistant Director of Research (Chemical) : 
he will deputive for Dr. Pearson in the latter's absence ; 
and Mr. P. C. VARLEY as Assistant Director of Research 
(Metallurgical). Dr. C. E. Ransiey will be given the 
title of Senior Research Metallurgist, and Dr. F. A. 
CHAMPION that of Senior Research Chemist. 


Mr. B. G. FirzSimon has been appointed Production 
Engineer at the Brighton plant of West Instrument, 
Ltd., the temperature control instrument manufacturers. 


Mr. F. W. Power and Mr. E. L. O’Ftanacan have 
resigned from the Board of Hale and Hale (Tipton), Ltd. 


FOLLOWING the recent retirement from active duty of 
Mr. J. Horridge on medical grounds, the appointment 
of Mr. J. F. WILtsHer as General Works Manager of 
George Kent, Ltd., has been announced. Mr. Willsher 
joined the Company in 1947 and has been successively 
Production Controller, Production Manager and Manager 
of the Instrument Division. 


PLANT expansion at the Steel, Peech and Tozer Branch of 
the United Steel Cos., Ltd., and the present exacting 
trade conditions have made necessary a re-arrangement 
of the works managerial structure. The following 
appointments took effect on March Ist: Mr. H. R. 
BrUNYEE as Works Manager, Services; Mr. C. H. 
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HayTer as Works Manager, Templeborough Mr. R 
SCHOLEY as Works Manager, Ickles: Mr. W. E. Avex. 


ANDER as Technical Assistant (Mills) to the Works 
Manager, Templeborough ; Mr. D. R. Baker as Techni 
cal Assistant to the Works Manager, Ickles; Mr. D. E 


BILLINGTON as Manager, Cogging, Billet and Bar Mills 
(including the 10 in. and in. mills); Mr. 
as Assistant to the Works Manager, Templeborough 

Mr. M. Tuomas as Assistant to the Works Manager 

Mr. E. A. Jupp as Manager, Spring Shops and 
Drop Stamp; and Mr. I, Ross as Manager, Instrument 
Department. In consequence of Mk. BILLINGTON’s move 
to Steel, Peech and Tozer, Mr. G. Taickerr has assumed 
direct charge of the Billet Mill at Samuel Fox and Co., 
Ltd., for the remainder of the vear whilst continuing to 
carry out his normal duties as Works Manager, Heavy 
Departments. Mr. J. D. Heys has been appointed 
Work Study Officer. 

THe British ALuMiINiuM Co., Lirp., 
following staff changes have been made at their Rolling 
Mills: Mr. J. A. RicumMonpd has been appointed Deputy 
Manager at Falkirk with effect from July Ist, 1959: he 
has been nominated to succeed Mr. Fietp as Manager 
at Falkirk when the latter retires on January 23rd, 1960 ; 
Mr. T. D. Rees has been appointed Deputy Manager at 
Latchtord with effect from May Ist, 1959; Mr. R. LC, 
McDonaLp has been appointed Assistant Manager at 
Warrington with effect from March Ist, 1959. Mr. F.C 
FosketTt has been appointed Chief Production Superin- 
tendent at Milton with effect from March Ist, 1959 

Mr. N. MacDonacp has been appointed Deputy Chief 
Production Superintendent at Milton with effect from 
March Ist, 1959; and Mr. D. Lowe has been appointed 
Superintendent of the Experimental Department at 
Milton with effect from March Ist, 1959 


Services 


announce that the 


THREE Directors of the Workington Iron and Steel Co. 
retired at the end of February from the Board of this 
Branch and from the Boards of the other Subsidiary 
Companies of The United Steel Cos., Ltd. They are 
Mr. J. N. St. GeorGE CuRWEN, Mr. Lancton 
and Mr. D. R. Warrtewortu. Mr. T. SANDERSON, 
General Works Manager, and Mr. J. Larrp, Commercial 
Manager, have been appointed to the Board of the 
Workington [ron and Steel Co. 

Mr. 9. F. Hayvon, Chief Technical Sales Representa- 
tive of Baird and Tatlock (London), Ltd., and Hopkin 
and Williams, Ltd., is at present on a six-week tour in the 
Middle East, visiting agents, representatives and custo- 
mers in the Persian Gulf, Lraq, Iran and the Lebanon 


Mr. B. ErcuLer has been appointed to the Board of 
General Refractories, Ltd., Sheffield. Mr. Eichler, who 
joined the Company in 1940, was for several years Chief 
Technologist, and for the last four years has occupied the 
position of Director of Research. 

THe Street Co. or Waves, Lrp. has announced that 
Mr. W. G. MainwartinG, formerly Deputy Hot Mills 
Manager, has been appointed Sheet Mills Manager to 
replace Mr. J. H. Lysacut, who has found it necessary to 
relinquish the position for health reasons. Mr. Lysaght 
has joined the Sales Organisation as Chief Technical 
Representative for the Development of Sheet Steel 
Markets. Mr. J.M. Keere, formerly Hot Mills Engineer, 
has been appointed Deputy Hot Mills Manager to replace 
Mr. Mainwaring, and Mr. F. H. Hotmes has become 
Hot Mills Engineer. 


203 


RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Automatic Bundling of Bars 


IN most rolling mills, bars are still bundled by hand. 
This procedure, especially in merchant mills of high 
productive capacity, requires extensive equipment and 
many bundling operators. Schloemann have recently 


developed a machine which enables the bundling of 


bars to be carried out fully automatically. 

Features of this machine, which has already proved 
itself in test operation, are simple design, good accessi- 
bility, reliable operation, and high bundling capacity. 
The machine bundles bars into packages from 50 to 
300 kg., and the bundle diameter and length of bar may 
be varied within given limits. The material to be 
bundled is entered between two arms, which carry the 
tying wire. It is therefore unnecessary for the wire to 
be placed around the bars prior to completing the 
bundle. Bundling the bars, twisting the wire, and 
cutting off the finished bundle is carried out in quick 
succession, each individual operation partly overlapping 
the next in time sequence. 

NSchloemann, A... Dusseldorf, Steinstrasse, 13, Ger- 

many. 


Foundry Dust Control 


Tue Dustveror Co., Lrp., a member of the Holman 
Group, has successfully developed a highly efficient 
method of extracting at source harmful respirable dust 
and removing it from the breathing area of the operator. 
The low volume, high velocity system is particularly 
important because of the extensive use of high speed 
portable power tools such as sanders, grinders and 
cutting-off wheels, which create large volumes of dust in 
foundry fettling shops, engineering works, ete. The 
Dustuctor system operates by attaching an extractor to 
the hand tool near the source of the dust, and a suction 
is created (a depression of 5 in. Hg.) which extracts 
approximately 35—40 e.f.m. of free air through the 
extractor head. A high speed turbo-exhauster creates 
the suction and a ? in. diameter flexible hose is taken 
from the extractor head to the filter unit. In the 


accompanying illustration taken in the fettling shop of 


Metropolitan-Vickers Electrical Co., Ltd., in Trafford 
Park, hand tools using the Dustuctor system can be 
seen working on castings. The grinder on the left 
employs an extractor head, and that on the right is 
fitted with a cowl. 

The Dustuctor Co., Ltd., Camborne, Cornwall, 


Electric Melting Furnace 
Tue electric resistance melting furnace recently intro- 
duced by Hedin, Ltd., has been designed to meet a 
growing demand for small melts for the special alloying 
of non-ferrous metals in quantities of up to approxi- 
mately 100 Ib. The illustration shows a typical lift-out 


crucible type, which will melt 50 Ib. per charge. It is 
rated at 14 kW., the economics being 10 Ib. kW. The 
furnace has a temperature range of 1400°C., and 


artificial atmosphere inlets are provided to prevent 

oxidation during the melting cycle. The atmosphere 

may be piped from a gas generator or from cylinders. 
Further advantages claimed are that it is quiet to 


operate, free from contamination, and under accurate 
temperature control. The only maintenance required is 
an occasional change of elements, which can be done 
without in any way disturbing the construction of the 
furnace. The elements are of the .ilicon carbide type. 
These furnaces are built in various sizes to take melts of 
10-15-30-45-60-75-90 and 1J0 Ib., and larger furnaces 
can be built as necessary. All are designed to take 
standard crucibles. 

Hedin, Ltd., Commerce Estate, South Woodford, London, 

E18. 
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Taper Jointed Graphite Electrodes 


British ACHESON ELECTRODES, L1TD., makers of the 
well known Acheson graphite electrodes for electric are 
furnaces, recently announced the extension of their 
range of large diameter taper jointed electrodes. The 
16 in. and 14 in. diameter Acheson electrodes with taper 
jointing have now been introduced to join the well 
established 20 in. taper jointed electrodes. The new 
16 in. electrode has a nipple with a major diameter 
8} in. and length 12 in. This means a thicker socket 
wall all round, in addition to the extra protection and 


life given to the socket by the | in 6 taper. The new 
14 in. electrode is machined to take a nipple 8 in. at the 
major diameter and 10 in. long: this again means a 
thicker socket wall. For maximum security and 
tightness cf joints, threading of nipple and socket are 
four threads per inch, machined to fine tolerances to 
ensure perfect matching of tapers. These new electrodes 
will shortly be followed by 12 in. electrodes with nipples 
and sockets for taper joints. 

British Acheson Electrodes, Ltd.. Wincobank, Sheffield. 


Safety Lens Cleaning Equipment 

OnE of the chief complaints about industrial eye protec- 
tion is that it steams or fogs up. Manufacturers are 
continually seeking to overcome this problem by better 
design and improved forms of ventilation, but there are 
circumstances where it cannot be prevented entirely. 
Fogging. when it does occur, can add to hazard, and 
always provides an excuse for eye protection not to be 
worn. Furthermore, lenses get dirty and workers rarely 
think of cleaning them, but prefer once again to leave 
the goggles or spectacles lying on the bench rather than 
to use them. 

It is for these reasons that the Fleming lens cleaning 
and de-misting cabinet No. 0063 has been designed. 
The liquid, which is dispensed in a fine spray when the 
lever on either side of the cabinet is depressed, cleanses 
as it de-mists. As a piece of really clean cloth is usually 
difficult to obtain in the average factory, tissues are 
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provided in the cabinet, together with space for their 
disposal after use. Neither liquid nor tissues will 
damage plastic materials. 

It is estimated that where the Fleming lens cleaning 
and de-misting cabinet is installed, at least twelve 
goggles or spectacles can be treated at a cost of one 
penny, and the operation of cleansing and de-misting 
takes seconds only. The installation of these cabinets 
and the proper use of them by workers would, it seems 
likely, do much to encourage eve protection to be worn 
regularly. 

Fleming Safety Equipment (Division of J. & R 
Fleming, Ltd.), 146, Clerkenwell Road, London, B.C.1 


Decksmetal Floor Armour 
CAUSEWAY REINFORCEMENT, Lip., manufacturers of 
Hexmetal steel cellular reinforcement, are now able to 
supply Decksmetal, a low-priced surface armour for use 
with mastic asphalt or rubber compound floorings. 
Decksmetal is manufactured in 4 ft. long strips in such 
a way that easy and speedy assembly on site is permitted, 
By means of a special tongue and slot design the strips 
can be fabricated into a continuous floor armour which 
fully stabilises the asphalt and provides a tough surface 
where arduous trucking problems are encountered. The 
mesh is provided in 14 gauge material, | in. deep, and 
each cell measures 3in. It is treated with a bitumen 
compound before despatch to ensure easy adhesion to the 
asphalt flooring. Where Decksmetal is to be laid on soft 
underlays, a flat support strip is provided 


Ltd.. 66 Victoria Street 


Causeway Reinforcement, 
London, 


Vapour Blasting Equipment 
A NEW type of vapour blasting equipment, fabricated 
from Vybak industrial rigid P.V.C. sheet made by 
Bakelite, Ltd., is now being marketed under the trade 
name Hydrotron. The Hydrotron is built almost 
entirely from plastics materials and comprises basically 
a Vybak blasting cabinet and supporting structure, 
beneath which is located a large polyethylene container 
for holding the abrasive slurry. Compressed air is used 
to displace the slurry from the container to the blasting 


gun housed in the cabinet. Other design features 


include a rigid P.V.C. extractor unit with Nylon impel- 
lor, built-in rubber sleeves to protect the operator's 


| — = : 
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hands, and an automatic washing device for the obser- 
vation window. 

A number of important functional advantages are 
claimed for the Hydrotron. For example, the abrasive 
within the slurry cannot be contaminated by the rigid 
P.V.C. used in the construction of the equipment, and 
abrasives, or grades of slurry, can be altered in a moment 
merely by changing to another polyethylene container. 
The speed of the particle is higher than with any other 
known equipment, and the slurry feed system and 
working cabinet can be quickly and easily washed down 
when changing from one metal or slurry to another. 

Almost every cleaning or etching technique can be 
replaced by this new method, and all metals that are in 
any way capable of being plated can be prepared by 
Hydrotron blasting. The equipment is regarded by its 
designers as essential for depositions on molybdenum, 
uranium, titanium or magnesium alloys. 


Metachemical Processes, Ltd., Crawley, Sussex. 


Wheel-Mounted Welding Set 


CLAIMED to be the largest single-cperator wheel-mounted 
A.C. welding set at present available, a unit providing a 
maximum intermittent welding current 
700 A. at 8OV. has been introduced by The General 
Electric Co., Ltd. This set, designated the O.T.2, has 
a welding current output from 120 to 700 A. in 25 steps, 
with a continuous manual welding current rating of 
650 A. Rated at 52kVA., in accordance with B.S.638 
group Y, it consists of an oil-immersed single-phase 
transformer and separate choke enclosed in a fabricated 
sheet-steel tank which can also contain a 20 kVAr. 
air-cooled capacitor inside a separate compartment. 
Regulating handles for coarse and fine current ad- 
justments control the welding current. Primary trans- 
former tappings are brought to a terminal board 
immediately beneath a small lid on the top cover, and 
provide for a primary voltage range from 380 to 550 V. 


output of 


Full instructions for making the correct 
primary transformer connections and for obtaining the 


in six steps. 
required welding current are given on prominent 
diagram plates mounted on the top cover. 

The components and windings are securely braced to 
prevent any possibility of movement, even under the 
rough handling which gear of this type is likely to 
receive in service. The whole unit is mounted on four 
rubber-tyred wheels. 

The General Electric Co., Ltd., Magnet House, 

way, London, W.C.2. 


Auiomatic Die Production 


New programming methods, evolved by engineers at 
E.M.1. Electronics, Ltd.'s Hayes laboratories, now make 
it possible to produce first-class dies on milling machines, 
direct from the drawing, without the use of an external 
computer. Special mathematical techniques were 
devised to provide continuity in * blending’ between 
the co-ordinates shown on the normal blueprint and 
produce fully three-dimensional work pieces. As in the 
other E.M.I. control systems, punched tape feeds 
instructions into what is in effect a built-in computer 
which controls the mill. 

This system gives several outstanding advantages 
over the conventional method of die-sinking from 
mahogany or metal models. For a typical medium- 
sized product, the tape can be programmed in about 
half the time required to make a wooden prototype. As 
girl programmers can be employed instead of skilled 
model-makers, the cost per hour is also greatly reduced. 
It is found in practice that the machining time, too, is 
considerably less than by normal methods. The new 
system ensures a consistent accuracy of 0-002 in.— 
much greater than could be achieved by the use of 
wooden models. 

Forging, casting and plastic moulding dies can all be 
produced on machines equipped with the E.M.I. system. 
Turbine blades, car rear lights and telephones are just 
three examples of the type of articles for which dies can 
be produced more efficiently. Furthermore, an electroni- 
cally controlled vertical milling machine costs very 
little more than a conventional copying die-sinker of the 


Kings- 


same size. 


E.M 1. Electronics, Ltd., Hayes, Middlesex. 
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CURRENT LITERATURE 


Book Notice 


SURFACE DEFECTS IN INGOTS AND THEIR 
PRODUCTS 

Second edition. Iron and Steel Institute Special Report No. 63. 

62 qto. pp., 134 photographs of surface defects, cloth bound 

with stiff board covers. 25s. (Members of the Institute, 15s.) 
DURING an investigation into the causes of ingot surface 
defects and their influence on the product, the Ingot 
Surface Defects Sub-committee of the British Iron and 
Steel Research Association became aware that there 
was a lack of uniformity in the names applied to the 
defects under review. To reduce the confusion of terms 
and promote a better understanding of the nature and 
causes of such defects, the Sub-committee selected those 
most commonly encountered and assigned to them the 
most apt term. 

The first edition of this survey appeared in 1951 as 
No. 44 in The Iron and Steel Institute’s Special Report 
Series, and was quickly sold out. In view of the many re- 


quests for copies of what is now a standard work of 


reference, it was decided to issue a second edition, with 
some important additional material. Through the 
courtesy of Richard Thomas and Baldwins, Ltd., The 
Steel Company of Wales, Ltd., and John Summers and 
and Sons, Ltd., the Sub-committee has been able to 
include an addendum devoted to surface defects in sheet 
products. 


CLASSIFIED RADIOGRAPHS FOR DEFECTS IN 
ALUMINIUM FUSION WELDS 


Booklet H3 58, published by the British Welding Research 
29) Park London, W.1. 52) pp., 53 
It's. 


Association, Crescent, 

illustrations. 
INSPECTORS, welding engineers, designers and fabricators 
of aluminium alloys will be interested in this new booklet, 
which shows how to identify those defects in aluminium 
fusion welds which can be seen in radiographs. The 
defects are classified, their origin explained and sugges- 
tions for their prevention are made. The booklet has 
been prepared by the senior metallurgists of B.W.R.A,. 
helped by a panel of experts from industry. 

Many more defects can exist in aluminium alloys than 
in mild steel, mainly because they can be fabricated by 
several different processes. The devising of a logical 
system for classifying these defects is, therefore, a step 
forward. The book recognizes five groups of defects : 

(1) Cracks. 

(2) Lack of fusion, 
penetration. 

(3) Voids, including the three types of porosity, 
uniform, localised and linear—as well as elongated 
cavities and crater pipes. 

(4) Inclusions of oxide, flux or metal—the latter 
usually tungsten but sometimes copper or iron. 

(5) Imperfect shape, including defects which may, or 
may not, be seen on visual inspection, depending 
on the joint design, such as undercut, excessive 
penetration and root shrinkage. 

Surface marks give characteristic shadows in radiographs, 
and they are therefore included though they are not 
defects. 


including incomplete root 
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General indications are given of the ways in which the 
defects influence joint properties, but except for uniform 
porosity this is only qualitative. A simple system is 
given for recording the severity of uniform porosity and 
its probable effect on joint efficiency. No attempt has 
been made to indicate acceptance standards, although 
the booklet may well form a useful basis for discussions 
on such standards. 

The booklet is well indexed for easy reference and the 
cost is very reasonable in view of the experience which 
it summarizes and the savings which can result from its 
use. The radiographs in the book were chosen out of 
several hundred provided by the co-operating companies. 


KEMPE’S ENGINEERS YEAR BOOK 1959 


(Publishers) Ltd., 
Vol Il PP. 


London 
numerous 


Morgan Brothers 
Vol. [ 1324 pp., 


Bos. Hd. 


4th edition 

In two volume; : 

tables and diazrams. 
KemPe’s Encineers Year Book is one of the most 
widely known reference books in this country and there 
must be few engineers who have not, at one time or 
another, referred to Kempe’s for information on a part 
of the subject which may be unfamiliar to them. 

The 64th edition follows the same pattern as previous 
editions : all branches of engineering are covered and 
the various sections of each branch are dealt with by 
authors who are specialists in that particular field. The 
sections contain the more common formulae in current 
use, and an account of the present practice or trends in 
industry. A list of references to published work on the 
subject is also given. Many of the sections have been 
revised and re-written to bring the subject up to date. 
The great strides made in recent years in aeronautics, 
nuclear engineering and material handling, to mention 
just a few examples, are recorded, and, to quote a topical 
issue, the fundamental equations dealing with motion of 
missiles, motion of satellites and escape velocities are 
included. 

Kempe's remains what it always has been—an excel- 
lent up-to-date reference book, particularly suitable for 
those engineers whose duties range widely over a 
number of branches of engineering. 


Trade Publications 


A peTAILED brochure covering the design and pro- 
duction of heavy press aluminium extrusions has been 
prepared by Harvey Aluminum, 19200, 8. Western 
Avenue, Torrance, California. Featured in the 16 page 
publication is a review devoted to designing for heavy 
press extrusions, including the types of sections which 
can be produced and standard manufacturing limits for 
solid shapes, hollow shapes, panels, and tube. To 
demonstrate the versatility of big extrusions, applica- 
tions now being designed with large aluminium shapes 
are structural components for transportation equipment, 
missile and airframe sections, structurals for bridges, 
bus bar for electrical distribution systems, atomic 
energy tubes, architectural and building shapes, and 
cooling panels for aircraft carrier decks. 


ALTHOUGH manufacture began only five years ago ona 
very modest scale at Dudley, the Control Gear Division 


of G.W.B. Furnaces, Ltd., has already established a high 
reputation among a growing number of customers. The 
Division has expanded considerably at Dudley, and a 
new works has been built at Bangor in Northern Ireland. 
During this period of consolidation, G.W.B. have had 
the benefit of access to the designs of Officine Mec- 
caniche Riunite of Milan, but the Division has its own 
design, development and drawing offices. A new 
illustrated brochure features the manufacturing facilities 
at Dudley and Bangor, together with typical installations 
in the steel, gas, rubber, paper, and other industries. 


THE wide range covered by the literature summarised in 
the February issue of The Nickel Bulletin is indicative of 
the growing importance of nickel in almost every branch 
of industry. The many fields specifically dealt with in 
articles in this issue include: magnetic materials ; 
chill-cast rolls; fatigue strength of nickel-containing 
steels ; steels for use in the blades of the Rotodyne 
vertical-take-off aircraft; nickel plating (patterned 
coatings) ; and heat- and corrosion-resisting alloys and 
steels. 


One of the first companies to undertake the forging of 
titanium when the metal was first produced on a com- 
mercial scale in this country, Daniel Doncaster and Sons, 
Ltd.. of Sheffield, are now successfully forging on a 
production basis such metals as titanium, Nimonic, 
zirconium, aluminium bronze, heat resisting alloys, high 
permeability iron, ete. To assist firms in industries now 
considering the application of the newer metals in their 
own particular products, Doncasters have issued a well- 
illustrated brochure entitled ** The Advanced Manipu- 
lation of Difficult Raw Materials.’ Reference is made 
to the versatile combination of plant, equipment and 
experience in this field which is available within the com- 
pany, one section being concerned with the production of 
precision forged blades for compressors and turbines. 
The bookiet aiso includes mention of powder metallurgy, 
and the production of hardened forged steel rolls for cold 
rolling. 


A New publication has been issued describing the 
properties and uses of the various grades of nickel- 
chromium nickel-chromium-iron alloys manufac- 
tured by Henry Wiggin & Co., Ltd. Known as the 
Brightray series of alloys, these materials include electrical! 
resistance alloys for use up to a maximum operating 
temperature of 1,250° C., covering the requirements of 
practically all domestic and industrial heating appli- 
cations. In addition to giving concise data on these 
alloys, the publication includes sections on materials for 
leads and connections, furnace elements, thermocouples, 
ete., and forms a useful guide to the selection of the 
correct grade of material to meet specific conditions. 


Since Northern Aluminium Co., Ltd., first issued its 
book * Welding Aluminium ” some 34 years ago, great 
advances have been made in this field. An extensively 
revised edition of the book has now been produced, which 
deals almost exclusively with the two shrouded are 
processes—argon-tungsten-are and inert-metal-are. The 
information on processes has been brought up to date, a 
section has been added on welding technique, and the 
tables of procedures—still the most useful part of the 
book—have been entirely revised, with full explanatory 
notes and illustrations giving edge preparation and joint 
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details. In addition an appendix has been added giving 
information on alloys and current ratings. 


E.M.I. Evecrronics, Lrp., has just produced a new 
folde: to introduce the company’s closed-circuit television 
equipment which has proved so successful in various 
fields of industry. Various applications are described, 
ranging from visual control of several widely-separated 
operations : observation of dangerous processes ; training 
and surveillance; to such uses as sales conferences : 
demonstrations in department stores; and the trans- 
mission of blueprints, signatures and other data. 


WE have received from the Cambridge Instrument Co.., 
Ltd., two new publications. The first of these, List 28, 
describes a new centre-line indicator-controller —in- 
corporating a novel display of the “ desired” and 
‘measured ” values. When the pointer lines up with a 
fixed datum on the centre line of the scale, the plant is 
“on control,” and any change in this condition is 
immediately visible, even from distances at which scale 
graduations cannot be read. It is available in either 
on-off or time-modulated three-term control. — List 
144 A, “Gas Analysers—General Principles,” deals 
with some of the technical problems associated with gas 
analysis by the thermal conductivity method. It gives 
performance data on the Cambridge Katharometer, and 
includes notes on the types of measurement available, 
and on the possible sources of error. 


WE have received from Climax Molybdenum Company 
a new booklet entitled “The Role of Molybdenum in 
Abrasion- Resistant Materials,” based on the company’s 
experience and investigations, which have led to the 
development of four materials for service in this field. 
Following a general picture of the different types of 
abrasion, a more detailed consideration is presented of 
the behaviour of these materials under conditions 
typical of certain types of abrasion. Finally, guidance is 
given on the production and treatment of the four 
materials—the chromium-molybdenum steels; a 12°, 
Mn, 2°,, Mosteel ; a 15°, Cr, 3°, Moiron ; anda 3°,, Ni, 
2° Cr, 1% Mo iron. 


Books Received 


* Introduction to the Theoretical and Experimental 
Analysis of Stress and Strain.” By A. J. Durelli, E. A. 
Phillips and C. H. Tsao. 498 pp. ine. index. New York. 


Toronto and London, 1958. MeGraw-Hill Publishing 
Co., Ltd. 97s. 

Growth and Perfection of Crystals.’ Edited by 
R. H. Doremus, B. W. Roberts and D. Turnbull. 


Proceedings of an International Conference on Crystal 
Growth held at Cooperstown, New York, August 27th— 
29th, 1958. 609 pp. ine. author and subject indexes. 
New York and London, 1958. John Wiley & Sons, Inc., 
and Chapman & Hall, Ltd. 100s. net. 

* Advances in Inspection Techniques as Aids to 
Process Control in Non-Ferrous Metals Production.” A 
Symposium held in London on May Ist, 1958. 103 pp. 
London, 1958. Institute of Metals. 30s. or $4.65. 


* Constitutional Diagrams of Uranium and Thorium 
Alloys.” By F. A. Rough and A. A. Bauer. 153 pp. 
Massachusetts, 1959. Addison-Wesley Publishing Com- 
pany, Inc. $5.00. 
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ive ... for a long-lasting, high temperature 


sea) element, consider KANTHAL SUPER. 


i A molybdenum silicide material, 


KANTHAL SUPER maintains constant 


resistance and unvarying performance 


throughout the whole of its life. 


‘ 


Because of this, and unlike other 


: 

: 


comparable resistors, new and used 


KANTHAL SUPER. elements can 


i 


| 


be installed in the same circuit. 


tt: 


FOR INFORMATION ABOUT KANTHAL SUPER WRITE TO 


HALL & PICKLES LTD 


PORT STREET MANCHESTER |! 


Sole Agents for Kanthal materials in Gt. Britain & N. Ireland 


MEVALLURGIA, April, 1959 
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Steam Homo tempering | 
increases the life of tools, cams, : 


bearings, pistons, etc., by at least 25% 


HIS is usually an underestimate, particularly with tools when cutting high-chrome , 
Ra high-Carbon steel, when tool life is often doubled. Parts like cams, bearings or 

pistons wear in more sweetly and wear longer, and sintered parts are harder, with 

greater compressive strength. 

This perfectly functioning furnace, always under automatic temperature control, 

produces absolutely uniform parts, batch after batch. And the oxide film which is 

deposited not only gives this greatly increased wear, but gives you scale-free finish, 

with both ferrous and non-ferrous parts eliminating after-cleaning operations. Easter- 

brook Allcard-B.S.A.-Firth Brown-Lucas-Sheffield Twist Drill-Brooke Tool-Schrader, etc. 

all use this method. 


Scale-free finish__More and better work— 
in less time—and at lower cost 


Send us some of your own samples for free treatment—and be convinced 


Catalogue TD.2/620(1) will give you full details or a Technical Representative will wait upon yo. with pleasure 


Free Consultative Service 


INTEGRA, LEEDS & NORTHRUP LTD. 
183, BROAD STREET, BIRMINGHAM, 15 
Telephone: MIDLAND 1453/4 ‘Grams.: FLOMETER, BIRMINGHAM 


Works in Birmingham 
‘ METALLURGIA, April, 1959 


> 


MECHANICAL - CHEMICAL 


APRIL, 1959 


LABORATORY METHODS 


PHYSICAL 
INSTRUMENTS AND MATERIALS 


The Ring Balance Differential Pressure Meter 


By T. C. Toye, B.Sc., A.Inst.P. 


Lecturer in Industrial Instrumentation at Swansea Technical College 


The ring balance differential pressure meter is widely used in the measurement of flow 
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The author sets out the basic theory of the instrument, and discusses the errors involved 
when the incorrect quantity or type of sealing liquid is used 


HE ring balance differential pressure meter is 
probably the least understood of all industrial 
instruments. This is very largely due to the fact 
that text books vary considerably in the method of 
treatment used, and in some cases are incorrect. This 
naturally leads to confusion among students and users 
alike, and is certainly not conducive to an intelligent 
use of the instrument, nor to a proper appreciation of its 
limitations. This article has therefore been written in 
an attempt at a clear and simple description of the basic 
theory, together with a statement of the direction of the 
errors involved when the incorrect quantity or type of 
sealing liquid is used. 

The ring balance, a sectional drawing of which is shown 
in the diagram, is essentially a U-tube shaped in the 
form of a doughnut ring, in which the ends of the limbs 
are separated by a partition B. The differential pressure 
is applied via flexible pipes to the inlet points X and Y. 
The ring is partly filled with manometer liquid and the 
whole instrument pivoted on a knife edge at O. A control 
weight W is attached to the ring as shown, provision 
being made so that it can be interchanged with weights 
of various values for different ranges. The partition ( 
contains an aperture and serves to damp the motion of 
the ring. When a differential pressure is applied to X 
and Y, then inside the ring the usual manometer effect 
takes place, i.e., the liquid is displaced until a differentia! 
head equal to the applied differential pressure is formed, 
thus, for P,> P, 

P,-P,, = gh 
where p is the density of the liquid. When this state has 
been reached the liquid inside the ring will be in equilib- 
rium with the applied pressures, but for the ring as a 
whole this is not the case. 

As well as acting on the surfaces of the liquid, the 
pressures P, and P, act on the inside walls of the ring 
above the liquid, and the geometry is such that the 
resultant forces on either side of the partition B act in 
opposition, and therefore produce a turning moment on 
the ring about the pivot 0. This moment will be clock- 
wise when P,>P, in the case discussed. The control 
weight W serves to produce an anticlockwise, or restoring 
moment of 

Wd sin 6 
where @ is the angular deflection of the ring. 
moments about O, then for equilibrium 


Taking 
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The essential features of the ring balance 


Fig. 1 
differential pressure meter. 


Clockwise moments Anticlockwise moments 


Ar (P,-P,) Wd sin 6 
Wd sin 6 
Whence P,P, 
Ar 


and since W. d. A and r are constants. measurement of 
the angular rotation @ gives a measure of P,-P, 
The maximum differential pressure is given by @ 
Wd sin 90 Wd 
Ar Ar 


and W can be calculated to suit the maximum value of 
differential pressure it is required to measure 

The important fact in the above derivation is that the 
only moments involved are ; that due to the differential 
pressure on the partition B; and that due to the compo- 
nent of the control weight W. For this to be permissible 
when moments are taken about O, then obviously there 
must be no other moment about that point. This can 
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only be the case if the centre of mass of the whole 
instrument is located at O, with W removed, of course. 
Thus the quantity and density of the liquid is important, 
because variations from the manufacturers’ specifications 
will result in a displacement of the centre of mass away 
from O, and false readings will result. On some instru- 
ments a knurled adjusting weight V can be raised or 
lowered until the centre of mass is located accurately at O. 
This adjustment is made with W removed, and with the 
rubber tubes disconnected from X and Y, by positioning 
V so that the ring will remain at rest when placed in any 
position : this can only happen when the centre of mass 
is at O. 

The direction of the errors involved when incorrect 
quantity and, or type of liquid is used are set out below. 
(1) Liquid Density Correct 

(a) Quantity Insufficient—The centre of mass is 
raised, and when the ring is rotated as shown the mass 


exerts an assisting moment and the reading is too high. 
(b) Quantity Excessive.—The effect is variable, but 
the centre of mass is usually lowered and the reading 
is too low. 
(2) Liquid Quantity Correct 
(a) Density too High—The centre of mass is lowered 
and the reading is too low. 
(b) Density too Low—The centre of mass is raised 
and the reading is too high. 
From the foregoing it can be seen that combinations of 
inaccuracies regarding the type and quantity of the 
filling liquid will cause greater or lesser errors in the 
appropriate direction. 

The value of differential pressure is, in the majority of 
cases, needed only as a measure of flow. The use of 
square root correcting devices does not, however, affect 
the comments made here. 


Metallographic Differentiation of Cobalt Metal, Oxide and Sulphide 
By R. S. Young, Ph.D., F.R.LC., F.LM., M.I. Chem.E. 


Etching in 1°, mercuric chloride for 30 seconds or in 35°, sodium bisulphite for two 
minutes is recommended as a means of distinguishing microscopically between cobalt 
metal, cobalt oxide and cobalt sulphide. 


N both the extractive and fabricating fields of cobalt 
metallurgy, to supplement information derived 
from chemical analyses, an examination of powder 

compacts or polished sections is occasionally required to 
determine the presence of metallic, oxide and sulphide 
forms of the element. It is not easy, even for an ex- 
perienced microscopist, to differentiate the phases in an 
unetched briquetted sample of powdered cobalt metal, 
oxide and sulphide obtained from various stages in 
extractive and refining processes. The sulphide has a 
smooth, yellowish white appearance, whereas metallic 
cobalt is whiter but less smooth. Cobalt oxide is dark 
grey, and, since it does not polish quite as readily by 
conventional techniques as the sulphide or metal, it is 
rougher than the latter. 

The procedures described by Hall! for the differenti- 
ation of sulphides in nickel did not give satisfactory 
results with cobalt, with the exception of 2°, nital. 
Etching with the latter for 30 seconds produces a faint 
brown stain on metallic cobalt, whereas the sulphide is 
unaffected. Cobalt oxide is likewise virtually unaffected, 
but is distinguished by its original darker colour from 
the sulphide. 

Examination of commercial cobalt metal in the 
unetched state reveals the metallic phase as large white 
or light grey grains, with cobalt sulphide occurring as a 
yellowish phase along the grain boundaries. Manganese, 
frequently present in commercial cobalt where it pre- 
vents embrittlement by sulphur when this element 
exceeds about 0-01°,?, appears as bluish grey manganese 
sulphide. 

Etching with 1°, mercuric chloride for 30 seconds 
imparts a dark brown colour to metallic cobalt, but is 
without effect on the sulphides and oxides of cobalt, and 
on manganese sulphide. When 5°, nital for 30 seconds 
is used as etchant, a light brown stain appears on the 
metallic portion: cobalt sulphide is unaffected, but 
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attack occurs on manganese sulphide. One of the best 
etchants for most samples is 35°, sodium bisulphite, 
which in two minutes stains the metallic phase brown, 
but is without effect on cobalt sulphide, cobalt oxide, 
and manganese sulphide. 

Cobalt metal, oxide and sulphide can thus be distin- 
guished microscopically by prior etching of the sample 
with L°,, mercuric chloride for 30 seconds, or 35°,, sodium 
bisulphite for two minutes. Both reagents impart a brown 
stain to the metallic phase but leave unchanged the 
dark grey oxide and the yellowish white sulphide. 
Manganese sulphide, if present, remains unaltered as a 
bluish grey constituent. 

REFERENCES 
1 Hall, A. M., Sulphides in Nickel and Nickel Alloys 


278-85 (1943). 


2 Martin, D. L., Sulphur Embrittlement of Cobalt. ./. 


1/.M.E. Trans., 
Metals, 8, 5 


78-4 (1956) 


Griffin & George Research Company 
A NEW company, Griffin & George (Research and 
Development), Ltd., has been formed by the Griffin & 
George Group to conduct research into and the develop- 
ment of, new and improved scientific instruments and 
apparatus for laboratory use and process control. The 
Research Director is Dr. A. J. P. Martin, F.R.S., well- 
known for his work on partition chromatography, 
acknowledged by the award in 1952 ot the Nobel Prize 
for chemistry (jointly with Dr. R. Synge). 

New laboratories to house the research and develop- 
ment staff will be designed and equipped. A major 
part of the Company’s effort will be directed towards a 
review of modern analytical techniques and the 
development of the instruments and apparatus for 
applying them in the laboratory and on the plant. At 
the same time, work will be conducted on modernising 
and extending the Group’s range of apparatus for 
use in educational laboratories. 
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Exhibits of Metallurgical Interest at the 
Physical Society’s Exhibition 


The exhibits at the Physical Society's annual exhibition of scientific instruments usually 

include a number of interest to workers in the metallurgical field. This year was no 

exception, and in this issue we continue a short series of reviews in which such 
items will be described. 


X-Ray Microanalyser 
HE X-ray microanalyser shown by Metropolitan- 
Vickers Electrical Co., Ltd., was developed by 
the Associated Electrical Industries Research 
Laboratory at Aldermaston, and is the prototype of 
production models at present being constructed by 
Metropolitan-Vickers. It enables quantitative chemical 
analyses to be performed with small volumes (about 
1 cubic micron) of material, using a technique developed 
in France by Castaing. 

A fine electron probe irradiates a minute portion of 
the specimen and the resulting X-radiation is examined 
using a crystal spectrometer. The characteristic 
radiations of an element indicate its presence in the 
specimen, and the intensity of radiation is an indication 
of the abundance of the element. A quantitative 
analysis is carried out by the use of a radiation counter 
and recorder. Elements ranging from uranium to 
titanium are readily detected, but compounds containing 
the lighter elements may be analysed by the use of a 
proportional counter and a pulse height analyser, which 
are incorporated in the equipment. 

The equipment comprises three main items. First, 
the console which incorporates the electron probe, 
spectrometer, optical microscope, and vacuum equip- 


Courtesy of Metropolitan- Vickers Electrical Co., Ltd. 


The X-ray microanalyser 
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ment ; secondly, high voltage supplies and electron lens 
supplies cubicles; and finally, a recording cubicle. 
The accelerating voltage of the electron gun, from which 
the probe is derived, can be varied in steps from 10 kV. 
to 50 kV. and is stabilised to about | part in 10,000. 
Electromagnetic lenses focus the beam into a fine probe 
of about 250 milli-microns diameter. The spectrometer 
uses a bent crystal, normally lithium fluoride, and also 
incorporates an automatically positioned lead screen 
which prevents direct entry of X-radiation into the 
Geiger-Muller tubes when operating at low Bragg 
angles. The recording equipment consists of a com- 
bined scaler and ratemeter ; the scaler is used for pre- 
liminary adjustments and analyses, while the ratemeter 
is used for more accurate work. A continuous record of 
the distribution of an element in the specimen is dis- 
played on a strip chart recorder driven by the ratemeter 
while the specimen is scanned mechanically. 

The normal high grade ~ 700 or « S800 metallurgical 
microscope fitted with a wide angle eyepiece is used to 
view the specimen and select the micro area for analysis. 
When this area is central in the field of view, the whole 
specimen stage is rotated through 180° and the desired 
area automatically located under the electron probe : 
no further adjustments to the specimen are necessary. 
The specimen stage is constructed to hold six specimens, 
which can be as large as 0-5 eu. in. or secured in 3 in. 
mounts. Specimen shape is not important, but the 
surface must be polished as for normal metallurgical work. 


Automatic Photographic Enlarger 

In the new electronic photographic enlarger—developed 
by the Graphic Arts Division of E.M.1. Electronics, Ltd 
the conventional methods of *‘ dodging’, or shading, 
certain portions of the negative by hand to obtain 
correct exposures, have been replaced by a fool-proof 
electronic system. The new enlarger uses a scanning 
light beam from a cathode ray tube to obtain automatic 
shading and exposure control. When the exposing spot 
of light from the cathode ray tube encounters a dense 
region on the negative it instantaneously becomes 
brighter. Conversely, brightness of the spot is reduced 
for thin regions of the negative, thus producing maxi- 
mum print detail in both highlights and shadows. A 
special light integrating system terminates the exposure 
automatically to produce a uniform print density 
without adjustment for widely varying negative den- 
sities. 

E.M.I. have for some time been marketing a Log- 
Etronic contact printer, which is widely used in aerial 
survey, medical and other fields. The development of 
the enlarger enables a far greater variety of work to be 
undertaken. Science and industry will benefit from its 
use because by effectively matching the negative density 
range to the exposure scale of printing paper it is able 
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Courtesy of E.MJ1, Electronics, Lid. 
Adjusting the automatic electronic photographic enlarger. 


to produce amazing clarification of detail. Furthermore, 
automatic control means increased production without 
the necessity of increasing dark room staff. The electro- 


nie enlarger is capable of printing from 35 mm. to half 


plate size negatives, and provides a maximum print area 
of 30 * 40 in. 


Vibratory Polisher 

The vibratory polisher, shown in prototype form on 
the Nash and Thompson stand, has been developed to 
aid the rapid preparation of large numbers of metallo- 
graphic specimens with the minimum use of skilled or 
semi-skilled labour. The principle employed is to place 
the specimens in a rapidly vibrating tray, in which they 
are abraded with diamond dust. Twelve or more 
specimens of varying sizes may be prepared simul- 
taneously, making the polisher of great value to metallur- 
gical control laboratories. 

Large specimens need not be mounted, but small ones 
should be mounted in Bakelite. After preliminary 
grinding and abrasion down to 1 © emery paper, the 
specimens are placed in the tray of the vibrator, which, 
in the production version, will be about 12-13 in. 
diameter. It is prepared for polishing by mounting a 
specially woven Nylon cloth on a } in. glass plate, and 
impregnating with 6 micron size diamond dust paste : 
the glass plate is rigidly fixed in the tray. With the 
production version there will be provision for rapidly 
changing the cloth. A plastic lid will be provided to 
avoid extraneous contamination of the diamond dust 
while polishing, and it is suggested that users have 
several different trays (and lids) for different abrasives, 
and also for use on different metals if required. 

The time of polishing is approximately one hour on the 
present model, depending on the state of the cloth and 
the abrasive, and the metal being polished. It is believed 
that improvements in the vibratory technique, in the 
Mk II being developed, will considerably shorten this 
period. All scratches are removed in this time and the 
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specimen is ready for finishing on | micron diamond dust 
if so desired. A certain amount of relief polishing is 
encountered if the specimen is below about 750g. in 
weight, and special lead collars are provided to load 
small specimens. Really large specimens (say sections 
up to 4-5in. diameter), can be polished (without 
loading) in company with the smaller loaded specimens : 
the mixture of large and small specimens docs not 
adversely affect the polishing. 
Non-Magnetic Tube Tester 

The tube tester shown on the stand of C.N.S. Instru- 
ments, Ltd., is designed for the rapid location of faults 
in tubes of non-ferrous metal or austenitic stainless steel, 
and for locating corrosion of steam condenser tubes. The 
instrument shows up cracks, inclusions, superticial faults, 
local changes in wall thickness, and corrosion, and once 
the initial setting has been made, testing can be carried 
out by untrained personnel. 

The equipment consists of probes containing search 
coils which are passed around or through the tube 
specimen. The proximity of the metal occasions certain 
resistive and inductive changes in the coil characteristics, 
which remain constant as long as the tube metal is 
consistently homogeneous and fault-free. The coils are 
halanced to give zero reading on a piece of good tube, and 
faults are indicated by meter reading, warning light, and 
buzzer alarm. With a high speed alarm, relay testing 
can proceed at 100 ft. min. In practice it has been 
found that cracks amounting to 5°,, of the wall thickness 
are easily detectable, and a 24°, step in wall thickness 
gives a pronounced signal. It is possible to adiust the 
sensitivity so as to ignore minor faults. 


ourtesy of Instruments, Ltd, 
The C.N.S. tester for non-magnetic tubes. 


Different materials have different resistivity and 
permeability values and for this reason it is necessary for 
the equipment to be capable of operating on various 
frequencies, so that the maximum penetration and 
sensitivity can be achieved. To this end the instrument 
has a frequency switch giving four ranges which are 
sufficient to cover all materials in normal use. Tubes 
with exceptional wall thicknesses may also need a 
changed frequency to achieve full penetration, and where 
the material is particularly thick-walled and of low 
resistivity and permeability, then probing is desirable 
from both inside and outside the tube. 
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This horizontal rectangular muffle is ideal for such 
Purposes as incineration, burning off precipitates, and the heat- 


* treatment of small samples of metal. The proportions have been 
Unrivalled fixed after careful examination of such laboratory needs. Precise 
temperature control is ensured by a hand-operated energy regu- 

lator type controller. Maximum recommended 

temperature—1,000 C (1832 F). 


ex erience Wild-Barfield’s great 
p experience ensures 
pertect performance 

and a long trouble 


in making 


LABORATORY 


Mm 
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MUFFLES 


(hau) FOR ALL HEAT-TREATMENT PURPOSES 


\ FURNACES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091(8 lines) 
wem3o0 


LEARN HOW TO: 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 


ZINC ALLOY —— 
RUST-PROOFING CO. LTD 


SHAKESPEARE ST. WOLVERHAMPTON 


TELEPHONE: WOLVERHAMPTON 20647 /8 9 
ALSO AT LONDON AND ROCHDALE 
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EXOTHERMIC OR 
ENDOTHERMIC 


THE ILLUSTRATION SHOWS A 


STANDARD 250/500 curtuer 
EXOTHERMIC PLANT 


We are also makers of all types of Electric and Fuel 


fired Furnaces, Charging Machines and Conveyors. 


Your enquiries are welcomed. 


For further information write to: 


THE FURNACE CONSTRUCTION CO. LTD. 


48 SMITH STREET, HOCKLEY, BIRMINGHAM 19 
Telephone: NORTHERN 6564 


ABRASIVE RESISTING 


STAINLESS STEEL 
CYANIDING POTS HEAT RESISTING 
CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM, etc 


ALSO HIGH SPEED TOOL. DIE 
AND SPECIAL ALLOY STEELS, 
ALSO STAINLESS STEEL ROAD 
LINES STUDS AND SIGNS 


HEAT AND 
ABRASIVE RESISTING 


Highly Alloyed Steel 
CASTINGS 


‘JOFO’ CASTINGS ARE 

AVAILABLE IN A WIDE 

RANGE OF QUALITIES 

From a few ounces up to 
10 cwts each 


M.O.S. approved inspection facilit- 
ies installed. Routine X-ray control. 


Tete 


Regd. office & Works : BROADFIELD RD. 
SHEFFIELD, 8. Telephone: Sheffield 52431 
Office and Works entrance: AIZLEWOOD 
ROAD, SHEFFIELD. 

Foundry : Aizlewood Road, Sheffield 

Machine Shops : Broadfield Road, Sheffield 

London Office : Central House, Upper Woburn 

Place, W.C.1. (Euston 4086) 
Glasgow Office : 93 Hope St., C.2. (Central 8342/3) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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SWINNEY 


Self Proportioning Oil Burner 


Single lever control 


Correct oil air ratio at all outputs 
Hot oil circulation to metering valve 


High combustion efficiency 


The Swinney Moduflame is an advanced type of Low Air Pressure 
Oil Burner. Control of output is effected by the operation of a 
single lever, automatically proportioning oil and air quantities in 
the correct ratio for all firing rates. High combustion quality is 
maintained over the whole operating range of the Burner resulting 
in savings in fuel cost and prolonging refractory life. 


gf FOR FURTHER INFORMATION WRITE OR PHONE: | 
SWiNNEY BROTHERS 
MORPETH NORTHUMBERLAND Tel: MORPETH 92,3 SWINNEY 
LONDON: 34 CRUTCHED FRIARS €E.C.3. Tel ROYAL 1977 a 


VACUUM METALLURGY +) TELCON METALS 


SUPER PURE BASIC METALS & ALLOYS FOR THE INSTRUMENT, ELECTRONIC & AIRCRAFT INDUSTRIES, 


NICKEL, COPPER, IRON, MANGANESE COPPER, BERYLLIUM COPPER & MAGNETIC ALLOYS 


Py 
High permeability Nickel f{ SuPERMUMeTAL © 
Iron Alloys for cores SPECIAL 
and laminations. RADIOMETAL 
! RHOMETAL 
High permeability Cobalt- ie 
Vanadium Iron Alloy with 
high saturation for 
SUPERMENDUR 
ultra-sonic generators y PERMENDUR 
and vibration test gear y, 
and reactors. = 
alloy for computors H.S. ALLOY 
and magnetic amplifiers. 561b. High Vacuum High Temperature Coreless Induction 
DUCTILE HARD VICALLOY 
MAGNETIC ALLOY Permanent magnet TELCON THERMOSTATIC BIMETALS 
Cobalt-I alloy of ductile in various grades for instrument protection, and 
and machinable compensation —overload protection of motors, 
anadium Alloy. quality synchros and similar electrica! devices SESS 2 
TELCON 
Most alloys available in strip, rod, bar and wire. THE TELEGRAPH CONSTRUCTION i —> 
BERYLLIUM COPPER to Specification 010900 cu se2so & MAINTENANCE CO. LTD. M: 


High tensile strength 
and fatigue resistance. Metals Division: Telcon Works, Crawley, Sussex 


Tel: Crawley 1560 


2% Beryllium Alloy, for Springs, Fuse Clips, 
Contacts, Meter Pointers and Valve Clips. 
(Beryllium Copper Alloys of other compositions are avatiable for special requirements). 
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H. C. COPPER 
EXTRUDED AND DRAWN 


SECTIONS 
All shapes for electrical ! 
and other purposes 
J 


BOLTON'S PRODUCTS include copper and 
copper-base alloys in the form of wire and strand, 
bar and rod, sheet, strip and foil, 
busbars, commutator, segments 
and tubes. 


THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, Lancashire 
Telephone: Widnes 2022 


London Office & Export Sales Dept: 168 Regent St., W.1. 
Telephone: REGent 6427 


MACROPHOTOGRAPHY 
of metallurgical specimens 


THOMAS 
ANDREWS 


and COMPANY LIMITED 


HIGH-GRADE STEEL MAKERS 


HIGH SPEED STEELS 
HOT & COLD DIE STEELS 


” { 

MONARCH TOOL HOLDER BITS 
“HARDENITE”{ 
{ 


CARBON TOOL STEEL for 
CHISELS, PUNCHES, &c. 


Export Department 
Full catalogue = application THE HARDENITE STEEL COMPANY LIMITED 


Telegrams 


Telephone 
R & J ’ B EC K L D SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 


69/71, Mortimer St., London 


METALLURQGLA, April, 1959 


| 
> 
| | 
| 
| 
| 
(#2 |  ATTERCLIFFE ROAD, SHEFFIELD, 


MACHINES 


a 
a 
: 
SMALL 
ASSEMBLY 
CUPS IN MILD 
STEEL 
PRODUCED 
WITHOUT 
FAULT 
MODEL T42 C1 
10-20 tons 
UJ 
Measuring the load by means of precision 
. - s weighing levers, this range of machines is world 
; ‘ renowned. The degree of control, load holding 
ability. and sensitivity, is remarkable. 
NOTE THE SHARP CORNER! 
appuesy ORIGINAL in design 


ASTON, BIRMINGHAM 6 


OUTSTANDING in performance 


Come along and see us—April 16-30th.’ 
ENGINEERING & MARINE EXHIBITION 


STAND 2 ROW 


“DIE METAL 


sUP ERB —penlson— 


‘OF TH SAML. DENISON & SON LTD 
NARITE BROCHURE 
(2nd Revised Edition) HUNSLET FOUNDRY ° MOOR ROAD © LEEDS 10 
Tel - Leeds 7-5488 Grams : ‘Weigh Leeds 10° 
N. C. ASHTON LIMITED at : Leeds igh Leeds 10 
ST. ANDREW'S ROAD, HUDDERSFIELD. 
LONDON «BIRMINGHAM MANCHESTER LEEDS 
ow 333 SLOane 4628 Midland 393! Blackiniars 19*6 Leeds 2-8433 


METALLURGIA, April, 1959 


' 
. 
6 
ee 
ee 
ee 
eee 
ee 
“eee + 
“eee ee 
eee eee 
el ec eee 
5 
. 


| MECHANICAL WORLD 


MONOGRAPHS | MAGNETIC PROBE 


No. Title Net price By post 
48 Flow-Line Planning in Factory Layout 2/0 2/2 
Industrial Application ae 2/6 2/8 | 
50 Aluminium and its Alloys 2/8 
51 Ball and Roller Bearings . 4/6 4/9 maa =T=— 
52 An Outline of Advertising for Engineers 2/0 2/2 
53 Industrial Grinding and Reduction 
Plant .. 3/0 3/2 | 
54 Practical Management and Works with very strong force of attraction capable of 
Relations .. 3/6 3/8 ; in tal particles 
55 Factory Castes : Their Planning extracting from the eye all kinds of metal pa 
and Equipment .. .. 2/6 2/8 without any difficulty or risks 
56 Helical Springs .. 2/6 2/8 
57 The Machining and Manipulation of 
Stainless Steels .. 3/6 3/8 
59 The Surface Area and Volume of 
Dished Ends 2/6 2/8 
61 Cams and Springs for ‘Poppet Valves 2/6 2/8 
62 Relaxation of Constraints and 
Moment Distribution 3/2 SPECIALIST for General Protective Equipment 
63 Work Study and Incentives. 4/0 4/2 
64 Electroplating and The Engineer 4/0 4/2 SPECIAL PROTECTIVE APPARATUS AND 
65 Productivity and Probability .. 5/0 3/2 | CLOTHING OF ALL KINDS, OF ALL FORMS 
Steam Trap Maintenance 2/6 
Choosing Electric Cables . 36 OF ALL MATERIALS 


EMMOTT & CO. LTD. | Literature and Catalogues on request 


| 
| 
31 King Street West, Manchester 3 | 
ing, West, Manchester | 105 rue COMPANS, PARIS 


London: 50 Temple Chambers, Temple Avenue, 
Telephone: BOLIVAR 29-80 


HEAT TREATMENT CA ST N C | 


M.3. | 


CONSULT 
ABBEY HEAT TREATMENTS LTD. 


(A.1.D., Min. of Supply and other Gove. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.19 


Phone: CHErrywood 2291/2 
We collect and deliver in the London area 


Chemical Analyses 


of Ferrous and Non-Ferrous 
Metals and alloys, ores, 
slags, minerals, etc. 


Metallurgia 
THE YORKSHIRE 


please mention 


_ TESTING WORKS Ltd. _ when replying to 
| Established 1910 
RETORT WORKS, SCOTLAND ST., SHEFFIELD, 3. | adver tisemen ts 


Phones: 21582 and 29916. 
Grams: Retort, Sheffield, 3. 
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| | FURNACES FOR THE 
STEEL TUBE INDUSTRY 


The illustrations show furnaces supplied to 
the Tube Mill at Babcock & Wilcox Ltd. at 
Dumbarton. They include a gas-fired 

Billet Heating Furnace, 6’0” x 70’ 0” ( upper 
illustration). A Roll Down Tube Reheating 
Furnace, 35°0” x 10’ 9” (lower illustration ) 


DOWSON & MASON LTD. 


ALMA WORKS, LEVENSHULME, MANCHESTER 


Telephone : HEAton Moor 625! (5 lines) 
Telegrams: GASIFY, MANCHESTER 19 
Group 


Matched service tor 


continuous quenching 


™ 


ESS = ~ 


Ask for dates on 


FLETCHER MILLER LTD.,ALMA MILLS, HYDE, CHESHIRE. 
Telephone : HYDE 3471 (5 LINES) Telegrams: EMULSION, HYDE 


Also at LONDON, WEST BROMWICH, NEWCASTLE-ON-TYNE, CARDIFF, GLASGOW AND BELFAST 
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OIL-FIRED 
FURNACES 


FOR ALLOYS 


CONTAMINATION __ suicon © MANGANESE © ALUMINIUM 


NICKEL e BORON e TITANIUM 


AND FUMES CHROMIUM e RUTILE e COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 
Their Technical Advisory service is unique, 


and your enquiries on your particular problems 
are invited. Get in touch today with : 


sulphur inhibitor 

BLACKWELLS METALLURGICAL WORKS LTD. 

added to your fuel oil Dept. 10, Thermeta! House, Garston, Liverpool |? 
combats Phone: Garston 980 Grams: Blackwell,"’ Liverpool 


% Sulphur fumes at source 


Sulphur contamination of molten metals 


% Sulphur destruction of furnace chamber - H E A T 


TREATMENT 


Capacity for case-hardening is now 
ilable in the most modern heat- 
% Sulphate scale formation on billets, bars and sheets —— treatment plant in London 


and other brickwork 


% Sulphur corrosion of extractor fans, trunking, 


brick and metal chimneys 


if you use fuel oil and Gas or pack carburising with full 
metallurgical control over all operations 
have a sulphur problem 
write: Gleason quenching press equipment 


for pieces up to 36 in. dia., plus wide 


& O M i U S T | O N experience in the control of distortions 
C H E M | C A L S L T D ° Flame-hardening of gears up to 
33 DORSET SQUARE, LONDON. N.W.I x 10 ft. dia. with latest electronically 
PADington 2893 


The manufacturers and distributors throughout the U.K. and Common- E.N.V. ENGINEERING COMPANY LIMITED 


wealth of Desulfurol, the only liquid fuel treatment proved capable of 
counteracting the effects of sulphur in fuel oils. HYTHE ROAD, WILLESDEN, N.W.10 
Tel.: LADbroke 3622-3-4-5-6 


controlled equipment 
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SINTERING and BRAZING 
FURNACES LTD 


Head Office: !24a-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. Tel: SLOUGH 21143 & 24746 


ILLUSTRATION 
SHOWS THE NEW 
DESIGN OF *PUSH-PULL’ 2 ZONE 
HUMPBACK FURNACE FOR USE WITH 
REDUCING ATMOSPHERE FOR TEMP. UP TO 

1350 C. INCORPORATING A FULLY AUTOMATIC BOAT 
CONVEYANCE SYSTEM (Pat. No. 789,760) LOW HYDROGEN 


CONSUMPTION. 66 kWs 8” WIDE BOATS. 
Works : 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 


ENGINEERING, MARINE WELDING & NUCLEAR ENERGY EXHIBITION 
STAND No. 9 - INNER ROW (GALLERY), NATIONAL HALL, OLYMPIA 


ALLOYS for METALS and POWDERS 
STEELMAKING TOOL TIPS 


Ferro Tungsten 80/85%, 

Ferro Vanadium 35,/80°%, 

Ferro Molybdenum 70 75°, DRA ING DIES, Etc. 
Calcium Molybdate 40 50° Tungsten Metal Powder 

Molybdenum Briquettes 55 65°, Tungsten Carbide 

Ferro Titanium 20/25°, and 40%, Tungstic Oxide 


Tungsten Metal Powder 98 99°, Titanium Carbide 
Manganese Metal Ammonium Para Tungstate 


Chromium Metal and other metallic carbides 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals Review, will be gladly sent on request to 
us at DITTON ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LTD. 
Ditton Road, Widnes, Lancashire 


Telegrams : ALLOY, W!DNES Telephone: Widnes 266! 
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CLASSIFIED ADVERTISEMENTS 


Classified Advertisements are inserted at the 
rate of 2/6 per line 


_ EDUCATION 
NATIONAL FOUNDRY COLLEGE 
STAFFORD STREET 
WOLVERHAMPTON 


It is proposed to hold a short appreciation 
course of six weekly lectures on Work 
Study in the Foundry on _ successive 
Thursday evenings, commencing April 
30th, 1959. 


A prospectus will be available during 


March, but information regarding the 
course may be obtained on application to 
the Head of the College. 


SITUATIONS VACANT 


METALS DIVISION 


A 
PHYSICAL CHEMIST 


is required to undertake research 
work on corrosion and surface chem- 
istry of non-ferrous metals, mainly 
the new metals. 

He should possess a first or second 
class honours degree in chemistry, 
with post-graduate research experi- 
ence in physical chemistry, prefer- 
ably in electro-chemical reactions 
and the surface chemistry of metals. 

Excellent conditions of employ- 
ment include a generous starting 
salary with adequate scope for 
progressive remuneration, member- 
ship of a Staff Pension Fund and an 
Employees Profit-Sharing Scheme. 

The successful candidate, will, if 
married, receive a reasonable refund 
of his removal (including travel) 
expenses and will also be paid a 
lodging allowance for a period of up 
to six months whilst maintaining two 
homes. In addition, he will be 
eligible for assistance towards house 
purchase. 

Write for an application form to 
the Staff Manager, IMPERIAL 
CHEMICAL INDUSTRIES LTD., 
Metals Division, P.O. Box 216, 
Kynoch Works, Witton, Birming- 
ham, 6, quoting RES /365, M. 
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~ METALLURGISTS 


are required at an integrated iron and steelworks where considerable develop- 
ment is taking place. 

Three Metallurgists are needed to improve the system of quality control 
in the Melting Shop and Rolling Mill. 

Applicants should have the ability to co-operate with Production 
Management and Staff, supervise works investigations and teams of routine 
observers working on shifts, and report clearly on the results of projects 
carried out. 

Previous experience in this field is desirable. 

One Metallurgist is required to supervise laboratory work related to 
works investigations and quality control. 


Experience in the metallographic field is essential and experience of 


refractories testing and the physical testing of steels is desirable. 
Applicants for the above posts should be between 23 and 35 years and 
should hold a degree or equivalent qualification in Metallurgy. 
Salary will be commensurate with qualifications and experience. 
A Contributory Pension Scheme is in operation. 
Application Forms are available from the Personnel Officer, 
RICHARD THOMAS & BALDWINS LTD., Redbourn Works, Scunthorpe, Lincolnshire. 


METALLURGICAL ASSISTANT 


A large copper mine in Northern Rhodesia has a vacancy for a metal- 
lurgical assistant holding a degree or diploma in metallurgy and with practical 
experience in ore dressing plant including ball milling and flotation. 

Duties will consist of routine ore dressing, laboratory and plant testing, and 
investigation and /or development of processes likely to be applicable to local 
requirements. 

Starting salary would depend on qualitications and experience. There is 
also a variable bonus and cost of living allowance. Other benefits include 
contributory pension and life assurance scheme, hospital and medical services ; 
share purchase and house purchase schemes. 

Single accommodation only available initially, but separation allowance 
at £15 per month payable until married accommodation (at nominal rental) 
is available. 

Leave granted is generous and the employee's outward passage to 
Rhodesia is paid by the Company. 

Applications giving particulars of age, qualifications and experience 
should be sent to Box No. MG53, Meratiturcia, 31, King Street West, 
Manchester, 3. 


RHODESIAN SELECTION TRUST LIMITED 


The above Group invites applications for a post as a 


METALLURGICAL ASSISTANT 


in their research laboratory on the Copper Belt in 


NORTHERN RHODESIA 


Applicants should hold a degree or equivalent qualification in metallurgy 
and an interest in research in extraction metallurgy and in’ particular, 
differential flotation. The successful applicant will have the opportunity to 
work on problems demanding the use of pyro-metallurgy, etc. 

Commencing salary from £1,000 to £1,215 p.a., depending on qualifications 
and experience. There is also a cost of living allowance currently £65 p.a. 
and a variable bonus at present 214°, on basic salary. The company has a 
contributory pension and life assurance scheme and good medical services. 

The employee's outward passage expenses are paid. Leave at 41 days 
p.a. may be accumulated up to 123 days. 

The properties are situated in attractive townships with excellent recreational 
amenities which can be fully enjoyed in Rhodesia’s consistently pleasant climate. 

\pplications giving particulars of age, qualifications and experience, 
should be addressed to : 

Mine Employment Department, 
Selection Trust Limited, 
Mason's Avenue, 

Coleman Street, 

London, E.C.2. 


PLEASE QUOTE R.12 


METALLURGIA, April, 1959 


= 
| 
= | 
| 
| 
| | 


CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT continued 
WILMOT BREEDEN LTD., 


Amington Road, Birmingham, 25 


require a 
SCIENTIFIC INVESTIGATOR 


to join their 
Tyseley Group Laboratories 


The work is concerned with the | 
corrosion testing of all types of metals 
and protective coatings. 


Applications are invited from 
Chemists of degree or H.N.C. stan- 
dard, age 23 to 28, preferably with 
some previous experience of corrosion | 
problems. The salary will depend on 
qualifications and experience. Good 
working conditions, including five- 
day week, pension and insurance 
schemes. 


Applications in writing, giving full | 
details of qualifications, training and | 
experience to 

PERSONNEL MANAGER 
WILMOT BREEDEN LIMITED 


at above address. 


THE UNIVERSITY OF 
SOUTHAMPTON 

(Department of Aeronautical Engineering) 

in collaboration with 

The University of Minnesota (U.S.A.) 

invite applications for two research posts | 

in their programme on 

The Effect of Noise on Structures. 


The particular research projects con- 
cerned involve Acoustic Radiation for 
Vibrating Structures and Fatigue under 
Random Loading. 

Applicants should possess a good degree | 
(or equivalent qualification) in either | 
Engineering, Physics or Metallurgy de- | 
pending on the project to be undertaken. 
The posts are for Research Assistants or | 
Research Students and in each case the | 
work may lead to a Higher Degree. | 
Applications (6 copies) giving age, full 
details of qualifications and experience and 
the names of two referees, should be sent 
to the Secretary and Registrar, The | 
University, Southampton, as soon as | 
possible. 


CORROSION ENGINEER 


An opening is available in London 
Office of International Oil Company 
for a B.Sc. Metallurgist or Mechanical 
Engineer to study and solve corrosion | 
problems encountered in the produc- 
ing, refining and marketing of oil and 
oil products and to provide technical 
assistance in the development of 
materials and protection devices. | 


Candidates, under forty, must have 
had a minimum of five years of this 
experience including practical field 
inspection and materials work, and 
be willing to visit overseas locations 
from time to time. 


Apply in writing giving full partic- 
ulars to Box MF50, METALLURGIA, 
31, King Street West, Manchester 3 
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B RITISH WELDING RESEARCH 

ASSOCIATION require a Research 
Officer and an Experimental Officer in the 
non-ferrous section of the Metallurgy 
Department at ABINGTON HALL, near 
CAMBRIDGE. Initially, work will be on 
problems in the inert gas shielded welding 
of aluminium alloys. The Research 
Officer, who should be a graduate in 
metallurgy, or A.I.M., will be required to 
plan and carry out programmes and 
prepare reports under the direction of the 
head of the section. The Experimental 
Officer will collaborate with the Research 
Officer on practical aspects of the work and 
for this purpose, experience of inert gas 
shielded welding processes is essential. 
Salary in range: £650-£1,150. Superan- 
nuation scheme (F.S.8.U. for graduate or 
professionally qualified officers). Removal 
expenses paid. Applications to the 
Secretary, B.W.R.A., 29, Park Crescent, 
London, W.1. 

INISTRY OF SUPPLY require 

Industrial Radiologist at Harefield, 

Middlesex. Duties involve (a) Practical 
radiography of welds, castings and 
assemblies using X-ray sets generating up 
to 1,000 kV; also gamma-ray sources, (b) 
Work directed towards new applications 
of radiographic inspection, (c) Assessment 
of drawings and radiographic techniques 
for aircraft and guided weapon castings 
and welded parts, (d) Assistance in 
lecturing at training courses. Qualifica- 
tions: Recognised engineering appren- 
ticeship or equiv., training in appropriate 
trade. Considerable experience essential 
in radiography of welds and castings, 
evaluation of radiographic evidence, and 
development of techniques. Knowledge 
of welding and foundry practice an 
advantage. Possession of H.N.C. in 
Applied Physics desirable and City and 
Guilds Cert. in Industrial Radiography an 
added advantage. Salary: £1,030-£1,250 
p.a. Forms from M.L.N.S., Technical and 
Scientific Register (K), 26, King Street, 
London, S.W.1, quoting A.88/9A. Closing 
date, 17th April, 1959. 
SCIENTISTS and 
EXPERIMENTALISTS 
are required at the Atomic Energy 
Research Establishment, HARWELL 
to join a team engaged in research in- 
to radiation damage in fissile materials 
and steels, involving the development 
of experimental techniques for irradi- 
ating samples in nuclear reactors, the 
examination of radioactive specimens 
and the interpretation of results. 
For Scientific Officer posts, a univer- 
sity honours degree required ; for the 
Experimental posts, H.N.C., good 
GC.E. “A” levels or equivalent 
required, Experience in the metal- 
lurgical field would be useful. Salaries 
depending on age, qualifications and 
experience Scientific Officer, £675 
£1,160; Experimental class £500 
(at age 20)-£1,260. 

Please send a POST CARD to the 
Group Recruitment Officer (1374 
126), U.K.A.E.A., A.E.R.E., Harwell, 
Berks, for details. 

MISCELLANEOUS 
QVANTED : one copy of the September, 
1958, issue of the Journal, Mera 
LURGIA. The Steel Company of Canada, 
General Offices, Hamilton, Canada. 


SITUATIONS VACANT continued 
BRISTOL EDUCATION COMMITTEE 
THE COLLEGE OF TECHNOLOGY 
(Selected for development into a College of 

Advanced Technology) 


The Governors invite applications for 
following posts in Department of Mechani 
cal Engineering, to commence Ist Septem. 
ber, 1959. Posts additional to present 
establishments as result of continued 
expansion of work of College, which is 
being developed to meet full requirements 
as an Advanced College. Duties mainly 
with Sandwich Diploma Courses : 

Five Lecturers in one or more of following 
subjects : 

Aerodynamics, Aircraft Structures, 
Mechanics of Fluids, Strength of Materials, 
Theory of Machines, Theory of Structures, 
Thermodynamics. 

One Lecturer in one or more of following 
subjects 

Theory of Machine Tools, Production 
Tooling Design, Metrology, Work Study. 
One Lecturer in Physical Metallurgy 

Candidates should hold a degree or 
equivalent, and have had teaching and, or 
industrial and/or research experience, 
Salary : Burnham Scales : 

£1,260 by £31 5 0 to £1,417 10.0 p.a. 

Application form, returnable not later 
than 16th April, and details from Regis 
trar, College of Technology, Ashley Down, 
Bristol 7. 


STEWARTS AND LLOYDS, LTD. 


Department of Research & Technical 
Development 
Scottish Section 


Invite applications for the following 
vacancies : 

(a) PHYSICAL CHEMIST, with 
good honours degree, for investi 
gations related to factors control 
ling the composition and distribu. 
tion of non-metallic phases in 
steel ingots. Several years re 
search experience is desirable. 

(b) METALLURGISTS, with Higher 
National Certificate, for positions 
in both the laboratory and the 
works. 

(c) CHEMIST, with Higher National 
Certificate, for work on corrosion 
and protection problems. Some 
knowledge of paints and plastics 
would be an advantage. 


Applications, giving full details of 
education, experience and qualifica 
tions, should be addressed to The 
Manager, Personnel Services, Clyde 
Tube Works, Coatbridge. 


METALLOGRAPHIC 
MOUNTING MEDIUM 
.H.P. Mounting Plastic, a cold-curing 
acrylic resin, permits the rapid mount 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives 4 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu. 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, 
LTD., MANLEY COURT, LONDON, 
N.16. 
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COMPLETE 
HEAT TREATMENT PLANT 


a 

The illustration shows the Heat , 

Treatment Plant we recently installed 


The complete unit installation at Aycliffe consists of Hardening Furnace, two 
Tempering Furnaces, Water Quench Tank, Oil Quench Tank, Loading and 
Unloading Racks. The unit is serviced by a fully-automatic, centrally- 
located, electrically-operated crane. The two re-circulating Tempering 
Furnaces utilise the waste heat from the Hardening Furnace. Supplementary 


gas is automatically provided when necessary. 


Further details are available on enquiry to : 


STERLING FURNACES LIMITED 


13, Marton Road, MIDDLESBROUGH 


Telephone : 43328. Telegrams : Sterling, Middlesbrough 


saves manpower 
ff 
Saves money ff \ 


ROW 


Gas Industry research today aims at 

faster heating through high intensity gas burners 
so that gas will be even more a major heat 

source for tomorrow's manufacturing processes 


AND TODAY every industry and 12 million homes use GAS, 
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